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PREFACE TO VOLUME I 


At the present time of great activity in botanical research, when 
communications to be reckoned by their thousands are appearing 
yearly in a steadily increasing number of periodicals, no apology is 
needed for an attempt to bring together what is known and to survey 
the momentary position that has been reached in one branch of the 
subject. There has never been a comprehensive account of the 
morphology of the Algae in the English language, in fact prior to 
Oltmanns epoch-making work nothing of the kind was available, and 
one has only to realise the immense stimulation which the publication 
of his book gave to research on algal morphology to justify the attempt 
to produce something analogous in English. Although I have 
devoted most of my scientific life to algal investigation, there are 
many aspects of the study of Algae into which I have never entered 

38 I" '" tereSted s P ectator - My interest has, however, been 
sufficiently alive to make me feel at home in most branches of 

algology , and I believe that I shall not be accused of undue temerity in 
attempting to give an account of the whole group 

n Z * IT I 01 ?" 1 ' 8 in WhicH 1 pr °P° Se ta accomplish this task are 

relating to 1"^"! y "''| h mor P h “logical features, and points 

cktded onlv wh P T IOgy an ? ecolo » of 'he Algae have been in- 
s.andhTif The ' he,r ^eons,deration appeared relevant to an under- 
standing of the main subject-matter. Nor is this in any sense a 

taxonomic work. The outlines of classification given under the in 

agreement among investors and “n , my ^ “ oft “ «*"* 

•He relevant literature seSIed to he T" CaSCS l ™ K ci,ation ° f 
Manv of A m • method of treatment 

mate" a. and “* ^ *» '“<* of uniform ^ 

* f0 ™ « *<*"«« stages of its 1^. 

tion should first become ful^T^ att * mptm ? a c > f tological investiga- 
condition. fU " y ac< l ua tn'od with the Alga in a living 
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PREFACE 


This work is designed as an introduction to the study of the Algae 
in the widest sense and with this object in view I have included all the 
holophytic Protista, as well as their immediate non-holophytic allies. 
The reasons that justify this mode of treatment are given in full in 
the introductory pages to this volume. I have aimed at a broad treat¬ 
ment of the subject-matter, such as will give a general review of the 
characteristics and interrelationships of the diverse groups of Protista 
and will furnish a groundwork upon which further detailed knowledge 
can be acquired by a consultation of the literature. It is hoped in this 
way to provide a basis for the prosecution of research, the more as 
great care has been expended on the citation of literature. The lists 
have been compiled on the principle of citing all the literature 
published since 1890, 1 with the omission only of certain papers that 
did not appear to be of material importance from the point of view of 
the subject-matter. Prior to 1890 in general only the more funda¬ 
mental memoirs on which the modern superstructure rests have been 
included. This involves the omission of a considerable number that 
were important in their day, but are now no longer directly relevant. 
Even with their exclusion the literature bulks largely and, although 
this has the unfortunate consequence of appreciably increasing the 
size and cost of the book, it would not fulfil its proper function if 
such detailed lists were omitted. All the references have been per¬ 
sonally checked with the exception of a few which, even with the 
splendid facilities afforded by the London libraries, could not be 
examined. In such cases the source of the reference is stated. 

I cannot fail to pay a tribute to the immense help afforded by 
Oltmanns’ Morphologic und Biologie der Algen , without the existence 
of which the labour of compiling such a book as this would have been 
appreciably greater. Much help has also been obtained from the 
general sections of Pascher’s Siissuasserflora, the Natiirliche Pflanzen- 
familien and certain volumes of Rabenhorst’s Kryptogamenflora. The 
literature affords such a wealth of excellent illustrations that little 
attempt has been made to provide new figures; in even.- case the 
author of the figure is mentioned under its description. Special ac¬ 
knowledgments for permission to reproduce figures are due to Messrs 
Gustav Fischer, Jena, for figs. 5 B; 51 F; 111 C; 117G, L, N ; 120 A and 
B; 123 B-D, H, I; 127G ; 134 D-F, L-X from Oltmanns’ Morphologic 

1 The literature is dealt with up to the end of 1933, although a few papers 
that appeared after that date ha\e been included. All papers are cited by 
number only and are arranged alphabetically at the end of each section, 
except for a few that came to my notice too late to be included in the correct 
sequence; these are listed at the end of each of the respective bibliographies. 
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und Biologie der Algen\ for figs. 216O, Q and 244R taken from 
Belar’s Der Formwechsel der Protistenkerne\ and for figs. 3F; 6A; 
154B-D; 187F, K; 191 A; 192B, E, F; i9 4 A, G, H; 195A-C, K; 
200 K; 201 H; 216 1 , K, L taken from Pascher’s Siissviasserflora ; also 
to the Akademische Verlagsgesellschaft, Leipzig, for figs. 185 ; 187 A ; 
201 1 ; 223 H; 224F taken from Rabenhorst’s Kryptogamenflora. I am 
also indebted to my friend Prof. A. Pascher of the University of 
Prague for the drawings of Tetragonidium in fig. 219, to Mr G. J. 
Hollenberg of Stanford University, California, for those of Halicystis 
in fig. 116, and to Dr M. A. Pocock for those illustrating the germina¬ 
tion of the oospore of Volvox (fig. 28L-Q). Miss F. Rich, M.A., has 
very kindly drawn figs. 57 A, B and fig. 123 F. My especial thanks are 
due to Mr R. Cullen, Laboratory Steward in the Department of 
Botany, Queen Mary College, who has spared no pains to make the 
photographic reproduction of the numerous figures taken from other 
sources as clear as possible. I also owe a debt of gratitude to the 

staff of the University Press for the care that has been bestowed on the 
printing of the book. 

F. E. FR 1 TSCH 


DORKING 
September 1934 





INTRODUCTION 


ALGAE AND FLAGELLATA 

It will be generally familiar that, apart from the very frequent 
occurrence of motile reproductive cells (zoospores, gametes) in the 
life-cycles of many Algae, there exists a large number of forms— 
many of them unicellular (e.g. Chlamydomonas , fig. i C)—in which 
the ordinary individuals exhibit active movement also throughout a 
great part of their vegetative existence. While motile reproductive 
stages nre almost invariably naked, the cells of the independent free- 
moving unicellular and colonial types are either naked or provided 
with a definite membrane similar to that present in most non-mottle 
(sedentary) forms. In the past organisms possessing such cell-walls 
(e.g. Volvocales), in so far as their cells were provided with chromato- 
phores, have by botanists been classed among the Algae, whilst the 
naked forms have been referred to the Klagellata, regarded bv 
zoologists as a group of the Protozoa. Additional characteristics of 
these Flagellata were thought to be the occurrence of division in the 
longitudinal plane only, the almost invariable absence of sexual 
reproduction, and the ready adoption of a resting stage accompanied 
by the secretion of a thick enveloping membrane (cyst-formation) 
(cf. (7), (87) p. 278). 

To the Flagellata were also referred many colourless types, some 
of which have proved to be very closely related to the pigmented 
forms and have no doubt originated from the latter by loss of the 
photosynthetic pigments (cf. especially pp. 90, 538), and this is 
possibly true of a far larger number than is at present apparent. 
Many of these colourless Flagellata arc saprophytes, whilst others 
exhibit holozoic nutrition (i.e. ingestion of solid food), but this animal 
characteristic is occasionally met with also in the pigmented (holo- 
phytic) types or even in evident Algae according to the older defini¬ 
tion (133). 

Webs (88), as long ago as 1893, drew attention to the affinity between 
the pigmented Flagellata and the Algae, and during the present 
century the distinctions that were formerly used to separate these 
two sets of organisms have broken down utterly. With the marked 
advancement of our knowledge within the last decades it has become 
clearly apparent that forms with an altogether similar habit mav in 
one class exhibit algal characteristics (possession of a cell-wall 
sexuality, etc.) and in another flagellate characteristics (cf. u<)> and 
(132)). Thus, the majority of the motile unicells among the Chloro- 
phyceae (Isokontae) are on the older definition Algae, while the 
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equivalent forms among Xanthophyceae (Heterokontac) and Chryso- 
phyceae are Flagellata, and the same fact emerges if one compares 
other types of habit found in the different classes. It is therefore 
unwise to place any considerable stress on the differences between 
algal and flagellate organisation. The algal characteristic of possessing 
a cell-wall is one which probably appeared at different stages in the 
evolution of the various classes of Protophyta, and we shall certainly 
not go far wrong if, for instance, we regard the bulk of the Chlamy- 
domonadineae from a comparative standpoint as scarcely less primitive 
than the Chrysomonadineae. True, in the latter sexuality appears to 
be lacking or to be of rare occurrence, but that is equally true of some 
classes of undoubted Algae (Myxophyceae). Moreover, sexuality has 
proved to be more widely distributed among flagellate forms than 
was St first thought to be the case. Nor is longitudinal division in any 
way purely a characteristic of the so-called Flagellata, since it is 
recognisable in many algal types and even in advanced forms(140). 

It will be clear, therefore, that the old distinction between Algae 
and Hagellata can no longer be maintained. This has long been 
recognised in the case of the Xanthophyceae (Heterokontae), but is 
equally applicable in all other cases. It may in fact be doubted 
whether, from the point of view of the botanist, the designation 
Hagellata should not be altogether abandoned (cf. (49)), 1 since its 
retention tends to introduce confusion into a clear concept of the 
Protophyta. Aluch that is especially instructive from the standpoint 
of comparative evolution is obscured or even lost sight of, as long as 
Algae and Flagellata are regarded as something different. 

L nless purely artificial limits are drawn, the designation alga must 
include all holophytic organisms (as well as their numerous colourless 
derivatives) that fail to reach the higher level of differentiation 
characteristic of the archegoniate plants. The latter can be clearly 
demarcated only on the basis of the greater specialisation attained by 
their reproductive organs and of the stereotyped nature of their life- 
history, for the alga may show a morphological elaboration and an 
anatomical differentiation that is quite equivalent to or even exceeds 
that found in many Bryophyta. Except for the antheridium of 
Charales,- however, the reproductive organs of the Algae never 
possess a cellular wall that plays no part in the formation of the 
reproductive cells. 

The essentially negative nature of the definition of the Algae given 

1 'I he zoologist, in view of the marked holozoic tendencies evident 
especially in certain scries of these forms, will no doubt continue to include 
them among the Protozoa and will retain the name Flagellata for them. There 
is nothing to be said against this, provided the plant-like characteristics are 
clearly emphasised. By comparison with the other groups of Protozoa the 
Flagellata appear primitive. 

- Even here the structure is open to another interpretation, cf. p. 459. 
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in the first sentence of the preceding paragraph is due to the enormous 
range in structure, reproduction, and life-history which they exhibit. 
They include at the same time the simplest unicellular forms of 
holophytic plants, as well as elaborate multicellular organisms dis¬ 
playing a considerable measure of division of labour. The reproductive 
processes comprise the most primitive known methods of propagation, 
but at the other extreme, among the advanced forms, attain to a 
degree of complexity that falls little short of that of the higher types 
of plants. The life-cycle shows almost every conceivable variant. 

There are few 1 nowadays who doubt that an early phase in the 
evolution of the simpler pigmented Protophyta was in all cases a 
unicellular, uninucleate organism provided with special photo¬ 
synthetic pigments lodged in more or less sharply differentiated parts 
of the cytoplasm, the chromatophores , and in many cases sooner or 
later acquiring special propelling organs in the shape of complex 
prolongations of the cytoplasm, the flagella . It is possible that in 
some classes (Rhodophyceae, Myxophyceae) flagella were never 
acquired and that motility was lacking even in the ancestry but a 
large number of the present-day classes of Protophyta include such 
tree-moving unicellular organisms. We may justly see in them a 
semblance of what the early forms of Protophyta were like. More- 
over, we are warranted in regarding the fundamental differences that 
they exhibit among one another as illustrative of diverse evolutional- 
trends that originated during the early beginnings of life, how and 
from what ancestry we know not.* The description and classification 
of the innumerable types of motile unicells is still in its beginnings 
and new forms are constantly being discovered, but it is already clear 
that there are many different series. These are distinguished by the 
number and mode of arrangement of the flagella, the nature of the 
pigments contained in the chromatophores, the forms in which the 
products of photosynthesis are stored up in the cells, and by other 

therefore less important features. In manv series 
Amonith, T nC | S appear to be largely of a physiological nature 
I g tk colon,al and cellular Algae there are some which exhibit 
not only the same pigments in the chromatophores and the same 
photosynthetic products as are found in certain series nf 

s Un ‘ C *’ bthe j. r motile ^Productive cells (swarmersj exhibit°the 
fcame number and orientation of the flagella Comnare for in * 

‘ Cf. however (u 9 a), (1700). 

«■* h „r lh d rx^pT' b ' r ot ,n8 '" u ° us •w-- 
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matters of frequent comment in the past, but it was not until nearly 
the end of the last century that the full conclusion was drawn from 
them and the doctrine of the origin of most classes of the Algae from 
motile unicellular forms clearly expounded. Every class of Protophyta 
was conceived as beginning with unicellular types of a distinctive 
kind. It thus became apparent, thanks to the researches of Borzi(i2), 
Luther O03), and Bohlin (9), that the Green Algae included members of 
two totally distinct series (Isokontae and Heterokontae) sharply dis¬ 
tinguished from one another by the essential characteristics above 
mentioned (see also p. 5). In both these series more or less simple 
unicellular types and more elaborate, multicellular, “algal” forms 
were represented. There still remained, however, a multiplicity of 
groups of motile unicells of which no higher “algal” members were 
known, and alternatively there were such large classes as the Phaeo- 
phyceae and Rhodophyceae of which no certain, primitively unicellular 
representatives had been discovered. 

The second half of this statement is still true at the present day, 1 
but the investigations of Klebs(9o), Paschcr (132,141, >42), and Conrad (25) 
have shown that in a number of groups until recently deemed purely 
“flagellate” (e.g. Chrysomonadineae, Peridinieae), more or less 
numerous forms with “algal” organisation also exist. It is possible 
that in the future all the old flagellate groups will be shown to com¬ 
prise some representatives with an “algal” organisation. Whether 
that proves to be the case or not, we are justified in giving them equal 
status with the groups in which evolution of such forms has been 
established. As a matter of fact there are only, two such groups at 
present clearly distinguishable, the Chloromonadineae and the 
Euglenineae, the latter being so specialised in certain directions that 
the finding of “algal” representatives is perhaps improbable. 

As regards the algal classes in which no flagellate members are 
known, they afford sufficiently clear evidence of a separate ancestry, 
either in the possession of swarmers of a distinctive type (Phaeo- 
phyceae) or, where these are lacking, in the presence of special 
pigments and photosynthetic products (Rhodophyceae, Myxophyceae) 
or other peculiar features (Bacillariophvceae). 


THE BROAD CLASSIFICATION OF THE ALGAE 

On the basis of the previous considerations it is possible at the present 
day to distinguish clearly eleven classes of the Algae. The brief 
characterisation of each given below will be sufficient to indicate the 

1 Some of the Bangiales (Rhodophyceae) are unicellular, but it is probable 
that these are reduced forms (cf. vol. 11). Pascher (Rep. 0/ Proc. 5 lit Internal. 
Bot. Congr. Cambridge, 1930 (1931), p. 320) has referred to the existence of 
simple Phaeophvceae, but none such have so far been described. 
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essential differences between them, but much is of necessity omitted 
and a proper familiarity with each class is only to be obtained by a 
study of its chief members. The termination “phyceae” has been 
adopted wherever the class includes forms with an algal organisation, 
whilst for those few in which none such are known the old flagellate 
designation is retained. 

The eleven classes are as follows: 

I. Chlorophyceae ( Isokontae ),' with chromatophores which are grass 
green and contain the same four pigments (two green, two yellow) and 
approximately in the same proportions as in higher plants. Starch is 
the customary tomi of storage ot the products of photosynthesis, often 
(especially in resting stages) accompanied by oil, and pyrenoids com¬ 
monly surrounded by a starch-sheath (fig. 1 A, B, p) are frequently 
present in the chromatophores (chloroplasts). The algal members have 
a cell-wall in which cellulose is often a prominent constituent. The 
motile cells (fig. 1 B, C) exhibit the same features and possess a number 
ot equal flagella (commonly two or four) which arise from the front end 
ot the swarmers and are all similarly orientated. In many members the 
cell* contain only one or few chromatophores. The majority of the 
members are algal and many exhibit sexuality (ranging from isogamy 
to advanced oogamy, usually with retention of the ovum). The highest 
type of structure attained is that of the heterotrichous filament (p ’o) 
" ky Parenchymatous forms are not realised, although the 
P onalcs show types ot thallus-construction parallel to those found 

with thTzTirc t 8aC ‘ ThC T aj ° rity ° f the Chlorophyceae are haploid 
" u representing the only diploid phase, but some exhibit 

Sink* 1 ?” ° f s,m,lar baploia and diploid individuals- the 

rSr^tFrlST * "“ in diplo * d ' Th " » -rJ widely 

tendency ,n Sa,t water » and there » a marked terrestrial 

velL^n 0 ^ W eteroko »‘ a *)r with chromatophores which are 

Phvll Starc h ^ ^ thC PrCSCnCe ° f a " ««c« of the yellow xantho- 
Py h - btarah lb absent and pyrenoids are wanting or rarely evident 
bung the customary storage-product (fie , n -Vl , | 
members have a cell-wall which i*-Vf, “ V ' o) * 1 hc al « al 

but sexual reproduction is rare ^ °‘ the memb «* alRal. 

vanced forms have a simnl > hi * 1 a, ' va >* wogamous. 1 he most ad- 
loid. The class is more wid \ , amc !J tous hab,t - Al1 are probablv hap- 

III. Z A b y ± tr Uted m fre 1 h "" ,er 

containing one ,no re 

‘ S ' e “ 1S ° P ' 6o - * See also 
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Fig. x. Essential characteristics of the classes of the Algae. A-C, Chloro- 
phyceae. A, cell of Mougeotia (after Palla); B, zoospore of Enteromorpha 
(after Kylin); C, Chlamydomonas (after Fritsch & Takeda). D-I, Xantho- 
phyceae. D, Chloromeson (after Pascher); E, Ophiocytium , membrane-structure 
(after Bohlin); F, Centritractus (after Schmidle); G, Chloramoeba (after 
Bohlin); ff, zoospore of Tribonema (after Luther); I, Bumilleria , part of 
thread (after Borzi). J-N and S, Chr>-sophyceae. J, Chromulina (after Klebs); 
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absent, but naked pyrenoid-like bodies are occasionally present; fat 
and a compound leucosin, occurring in the form of rounded whitish 
opaque lumps (fig. i L, M, /), are the customary forms of food-storage. 
A large proportion of the members are flagellate and devoid of a special 
cell-membrane. A marked characteristic is constituted by the spherical 
silicified cysts which arise endogenously (fig. i N) and are usually 
provided with a relatively small aperture closed by a special plug 
(fig. i S, pi). The motile cells (fig. x J, K, M) possess one or two (rarely 
three) flagella attached at the front end; in one series the flagella are 
unequal. The cells typically contain one or two parietal chromatophores 
(fig. i J-M, c). Holozoic nutrition is not infrequent. The most advanced 
habit is that of a branched filament. Sexual reproduction is extremely 
rare and not yet quite clearly established in any one case; the existing 
records point only to isogamy. The class is widely distributed in colder 
freshwaters, but a few families are marine. 

IV. Bacillariophyceae (Diatoms), with yellow or golden brown 
chromatophores containing, apart from the usual ones, accessory brown 
pigments of disputed nature. Bodies like pyrenoids are often present 
and the products of photosynthesis are fat and volutin. All the members 
are unicellular or colonial. A cell-wall is always present and is composed 
partly of pectic substances and partly of silica; it invariably consists 
of two halves, each composed of two or more pieces and is commonly 
richly ornamented (fig. x O, Q). One set of forms (Centrales) is radially 
(fig. i O, P), the other (Pennales) bilaterally symmetrical (fig. i Q). The 
occurrence of flagellate stages is highly probable in Centrales, but still 
awaits a full elucidation. The Diatoms are a highly differentiated group, 
the Pennales showing a special type of sexual fusion between the 
protoplasts of the ordinary individuals (fig. x R). The members of this 
class are probably all diploid. Diatoms are very widely distributed in 

the sea and in all kinds of freshwaters, as well as in the soil and in other 
terrestrial habitats. 

V ' Ctyptopliycea 6 , with usually two large parietal chromatophores 
ing. i U) showing very diverse pigmentation (commonly some shade 
brown). Pyrenoid-like bodies occur, but appear often to be inde¬ 
pendent of the chromatophores; the products of photosynthesis are 


Chr? C ^l, m ° naS t ( “ fte r Pascher); L , vegetative cell and M, swarmer of 

develonpH 41 ^" 1 ► Pascl ? er >! N, stage in cyst-formation and S, fully 

(centric) aniT? ? aSC , her) - Bacillariophyceae. O, Coscinodiscus 

7 d P ( Metonra (centric, filamentous) (after West); Q Xavicula 

T U ferl (after B ^, sto,): R - sexual fusion Cocconeis (after Geitler). 
rvvi/ Cr *P ophyceae - T> anter i°r end of Cryptochrvsis and U cel of 
vXiSr (transverse section at right) (after Pascher). V, W, Dinophyceae 

neaC v r/ 8 W * (after Schilling). X. Y Eugleni- 

nmn) 'a tZ (0fter K,ebS> : Y * P,U,CUS ^'Sicauda (after iSSn?;. 
c, chromatophore; /°furrows (i^V^WW l ? nR,tUd,nal Aagellum (in W); 
(>n N); n, nucleus • o Si ^ W) ’• ’ le , ucosm: w - membrane of cyst 

*• 1 ^ cysi (in S): Stl8niU : 
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solid carbohydrates, in some cases starch, in others a compound akin 
to it. The motile cells (fig. i U) are pronouncedly dorsiventral, have 
two slightly unequal flagella (fig. i T), and possess a very specialised 
and characteristic structure. There is often a complex vacuolar system. 
The majority of the members are of flagellate organisation and sexuality 
(isogamous) is only reported in one form. The most advanced habit 
known is coccoid (p. 16). The class is relatively small and appears to be 
equally scantily represented in the sea and in freshwaters. 

VI. Dinophyceae ( Peridinieae ), with usually numerous discoid 
chromatophores (fig. i W) which are dark yellow, brown, etc., and 
contain a number of special pigments. The products of photosynthesis 
are starch and oil (fat). The majority of the members are motile unicells 
and many possess a very elaborate cellulose envelope composed of a 
large number of often richly sculptured plates (fig. i V). Many species 
are colourless saprophytes or exhibit holozoic nutrition; one extensive 
series is parasitic. The motile cells are provided with two furrows, the 
one transverse (fig. i V, W,/) harbouring the transverse flagellum (/) 
which usually encircles the body, the other longitudinal and constituting 
the starting-point for the longitudinal flagellum which is directed 
backwards (fig. i W, b). Resting cysts of characteristic form are often 
produced (fig. 7 N). The most advanced habit is that of a branched 
filament. Isogamous sexual reproduction is certainly of rare occurrence 
and not yet clearly established. A class of mainly plankton organisms, 
more widely represented in the sea than in freshwaters. 

VII. Chloromonailineac , with numerous discoid chromatophores 
having a bright green tint and containing an excess of xanthophyll. 
Pyrenoids are lacking and oil is the assimilatory product. The few 
members of this class that are known are motile flagellates, with two 
almost equal flagella (cf. fig. 238). Although superficially like Xantho- 
phyceae, the detailed structure of the cells is altogether different 
(complex vacuolar apparatus, etc.). T he class is only recorded from 
freshwaters. 

VIII. Euglenincae , with pure green chromatophores, each cell usually 
with several. Pyrenoid-like bodies are present in some forms; the 
product of photosynthesis is a polysaccharide, paramylon, which occurs 
in the form of solid grains of diverse and often very distinctive shape 
(fig. 1 X, a). Only flagellate members are known and the majority are 
motile with the help of one or two flagella which arise from the base 
of a canal-like invagination at the front end (fig. 1 X). There is a complex 
vacuolar system and a large and prominent nucleus. Only few cases 
of sexuality (isogamous) are known and these are not quite fully 
substantiated. The bulk of the members of this class probably inhabit 
freshwaters. The class is highly specialised and no really simple forms 
are known (cf. however p. 732). 

IX. Ehaeophyceae , with brown chromatophores containing, apart 
from the usual pigments, the yellow fucoxanthin. Naked pyrenoid-like 
bodies occur in some of the lower forms. The assimilatory products are 
alcohols (manitol) with only traces of sugars, as well as polysaccharides 
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(laminarini and fats, although most of the available data(67<a.ioo) relate 
to the higher forms. Characteristic of the cell-contents of many forms 
are so-called fucosan-vesicles (fig. 2 C. f) which probably represent 
waste-products. The simplest types are filamentous (fig. 2 B), but the 
majority of the members are bulky parenchymatous forms, many 
attaimng to a large size with complex external and internal differentia¬ 
tion (fig. 5 A, B). All but a few are marine (brown seaweeds). The 
motile reproductive cells (fig. 2 A) have two laterally attached fiagella, 
of which one is directed forwards and the other backwards. These 
sw aimers are always formed in special organs which are either uni¬ 
locular (fig. 7 H) or septate with numerous small compartments 
(plunlocular sporangia, fig. 2 B. p). Sexual reproduction is of wide 
occurrence and ranges trom isogamy to oogamv of a primitive tvpe 
with liberation of the ovum prior to fertilisation. The zygote exhibits 
no resting period. The life-cycle is very diverse, with varied tvpes of 
alternation ot generations. 


X. Rhodophyceae, W ith red, blue (especially among freshwater forms) 

r ° m ? t0 E hOreS c ° ntamme ' a P art from the usual pigments, others 
bke the red phycoerythnn and the blue phycocyamn. Pvrenoid-like 

bVSid^ 0 ^ k" 'a 6 °" V ^ lhe of assimilation 

is a ^ol,d polysaccharide similar to starch (Flondean starch, fig. 2 H a. 

Neither motile reproductive stages nor flagellate members are known 

The simplest forms are filamentous (fig. 2 I), but the majoritv attain to 

considerable complexity ot structure (fig. 2 K). Evident protoplasmic 

corrections (hg. 2 D. K. 1) are the rule between the cells of P the majontv 

MOSt ? f the Rhodo P h y«a<^ are marme 

rr/ridTh ,h ' j™* ^ havm? a ionE «***» 

ceil '^ a r^uhofT'^r Produ , cin « but * mot,unless male 

ducmX; ;^ jr !iX i ;, raC ' CnSt,C -* pn- 

» 

beme d.ffused ,brooch rhe penpL 

commonly blue-green The prod^ C £ lour of the cells being verv 
glycogen. No m^e slgl a^ l photosynthesis are sugars and 

membrane around the cell There iT^n^T 1 3 members have a 
members of this class are of -i m „i SeXual ^production. The 

entirely by smtple division or by vene“amem'“n s ""ttr 3 "' pr "P^" 
are blamenrons. many of ibeS U 'a ^ar^'b" 
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Fig. 2.. Essential characteristics of the classes of the Algae. A-C, G, Phaeo- 
phyceae. A, zoospore of Ectocarpus (after Kuckuck); B, E. conifer us, showing 
trichothallic meristem (w), hairs (//), and plurilocular sporangia (/>) (after 
Boergesen); C, cell of Asperococcus , showing fucosan-vesicles (/) and so-called 
pyrenoids (r) (after Kylin); G, apex of plant of Sphacelaria , showing the large 
apical cell (a) and its mode of segmentation (after Reinke). D, E, H-K, 
Rhodophvceae. D, female organ (carpogonium) of Chantransia , with female 
cell (o), trichogync (/) and male cells (5) adhering to the tip of the latter (after 
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(fig. 2 L). They occur very abundantly in freshwaters and in terrestrial 
habitats, and are not uncommon in the sea. 


It is not improbable that in the future the number of classes will 
have to be increased. There is still a considerable residue of colourless 
Flagellata that cannot be assigned to any one of the eleven preceding 
classes and whose exact relationship to other forms is unclear. They 
are therefore given a brief separate treatment at the end of this 
volume. 

On the other hand there is some evidence for a closer relationship 

between some of the classes above distinguished. Thus, Pascher 

(132.139.. 47 ) has given considerable grounds for regarding Xantho- 

phyceae, Chrysophyceae, and Bacillariophyceae as having originated 

from a common ancestry and has proposed to group them in the 

division Chrysophyta (cf. also (167)). In the same way there are 

indications of affinity between Cryptophyceae and Dinophyceae 

which Pascher classes in the division Pyrrophyta(i32..42.i47). These 

divisions would be of the same status as the Chlorophyta, Phaeophyta 

Rhodophyta, Euglenophyta, and Myxophyta, each of which includes 

only a single class. These suggested relationships are fully discussed 

under the appropriate classes in the later portions of this book At 

the present time it is perhaps best to regard each of the eleven classes 

as a separate evolutionary series until a clear relation to the others is 
indubitably established. 


Our knowledge of the Algae is not confined to those existing at the 
present day since a considerable number of fossil members are known 

CnLu th< \ C f se of . the lar 8er calcified forms (cf. Dasycladaceae 

a considerable rf* aSSlgT } aUon of such fossils can be accomplished with 
f b u L deg ^ ° f certamt y* but in most other cases one is con- 
I"* th * d,fficult y that, in the absence of anv data as to the 
nature of the cell-contents or of the methods of reproduction reference 

spermum , with Floridean starch (n\ t *€Li c u • P 1 of B a * r <*cho- 

bosum with a tetrasporangium (d) (after ThuiSp*K ^ Calllthamnion ‘orym- 
Polystphonia showing nrotonla^m^ k, transverse section of a 

sporangium ( d) (afte/Fa^kenberel F I n ?! Ct,on * and a young tetra- 
pedia, stained to showJhe eel1 ° f 

showing false branching (b ), heteroevs^s (he) 2nd u F S , Cytonemo 
filaments (after FWmy).M sfig^I ;TrhmltX^ " *»* 
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have dealt with such remains (cf. (13), (157)) are evidently unfamiliar 
with the marked parallelism that exists between the representatives of 
various algal classes (cf. p. 26). 


THE RANGE OF STRUCTURE AMONG THE ALGAE 

It is only in the Phaeophyceae and Rhodophyceae that the vegetative 
body attains to marked structural complexity, but many of the other 
classes show a progression from simple to more elaborate forms that 
is highly instructive as an object-lesson for the mode of origin of the 
multicellular plant. The following account of the range in structure 
to be met with among the Algae is not meant to afford more than an 
oversight that will facilitate comprehension of the general principles 
underlying the grouping of the members of the different classes and 
will prepare the way for their detailed consideration. 

(a) The Motile Type 

The motile unicell (figs. 1 C, J, K; 3 A, A') which is represented in 
so many groups is commonly a more or less spherical, oblong or 
pear-shaped body, approximately circular in cross-section, although 
flattening (e.g. Scourfie/dia, P/tacus) as a mark of specialisation, often 
accompanied by the acquisition of a dorsiventral construction 
(Cryptophyceae, fig. 1 U), is found in many classes. The extremity 
directed forwards during movement and commonly bearing the 
flagella is spoken of as anterior, whilst the opposite one is posterior. 
The chromatophores occupy the posterior region or lie along the 
sides, while the nucleus is frequently situated near the middle of the 
cell. When a cell-wall is present the surface-layer of the protoplast 
is constituted by a plasma-membrane, but in the numerous naked 
forms it is developed as a more or less rigid periplast that either admits 
of extensive change of shape (so-called metabo/y, well seen in many 
species of Euglena) or gives the unicell a firm contour ( Cryptomonas , 
fig. 1 U; Phacus, fig. r Y). It is distinguished from a cell-wall by the 
fact that it normally divides with the protoplast. 

Many of the naked flagellate forms at times withdraw or shed their 
flagella and exhibit a creeping amoeboid movement with the protrusion 
of blunt pseudopodia, 1 which conditions a constant change of shape 
and is only possible where the periplast is soft or after the latter has 
been discarded (Chrysophyceae, p. 532). 2 In other cases the organism 
in these non-flagellate phases develops long delicate cytoplasmic 

1 With reference to the mechanism of these movements, see (51), (130). 

2 Such amoeboid movement is also seen at times in the reproductive cells 
of various Green Algae(i3D and Bangiales. Chadefaud(18) has recorded a 
similar protrusion of pseudopodia on the part of the cytoplasm in algal cells 
invested by a definite membrane. 
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processes known as rhizopodia (fig. 3 N T ), whose length and number 
are continually altering (ef. also Heterochloris , fig. 154 D and Chrysa- 
moeba, fig. 176 B). Such stages lead over to permanently amoeboid 
or rhizopodial forms, met with in various classes and very strongly 
represented among Chrysophyceae (p. 534). 

In several classes there occur, side by side with the ordinary motile 
unicells, other types in which the cell is surrounded by a special 
usually rigid and variously shaped envelope, provided with apertures 
for the protrusion of the flagella and separated from the cell proper 
by a s P ate ( Phacotus , fig. 3 C; Chrysococcus, fig. 3 C'). Such types 

.1 . a . . , | ^ occur both among forms in which 

the individual is naked and among those in which it is provided 
with a cell-wall, and a considerable number of such organisms have 
adopted an epiphytic habit (especially among Chrysophyceae, p. c 2 ->) 

I hese sedentary forms either retain their flagella or lose them their 

place being sometimes taken by simple or branched thread-like 
rhizopodia (hg. 171 D). 

Another special development of the motile unicell is seen in the 

f 0, ' ns " hich mct " ith in various classes and which 
except for the absence of chromatophores, so closely resemble the 
pigmented forms that an undoubted affinity exists (Polytoma fig j D • 

JT US '- fiR - , 3 I) ' ) - Such colourless forms are either saprophytic or 
holozo.c Paschertijj) has. among Chlorophyceae and Chryso¬ 
phyceae (pp. 90,538), described forms with much reduced chromato- 
C :; hlt r™' ^e way in which such colourless types 

t H end,»n r d . - h ,7 arC Pmba,>l >’ an of the saprophitic 

of the o? ^ r by many mot,k * “nicellularorganisms. A number 
nhv H ' oI " urlcs ^ forms ,n various classes (Xanthophyccae, Chrvso- 
p yccae, Dinophyceae) are normally amoeboid or rhizopodial (n-> 
hut these may have originated direct from pigmented 3 with h ! 

Z™ iS •T timatC to asVa^e ' 3 7 

::r„ R r n hc c affin,,,es ^ 

mucous envel,,pf m *'* e ™ n * "ays, often within a 

the individuals are dike . ‘ ,SUally spherical groupings in which all 
do not norm .Ik k complete in themselves, although they 

of their flagella m !he 'f b X ‘he joint action 

of cases there is no appreciable" 1,‘fV ' ^ C ° <>ny ' NV l,,lst m the majority 
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reproductive functions, the others being purely 
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vegetative (Pleodorina, Volvox, p. 106). Such colonial forms are 
scarcely to be distinguished from multicellular individuals. 

One of the most remarkable developments of the free-moving 
unicell are the double individuals, long known among the Disto- 
matineae (Diplozoa) ((75) p. 116, <s 7 >), a group of colourless Flagellata 
(P- 753 )» while a number of similar types have recently come to light 
among the Chrysophyceae. In these' cases the individual betrays its 
double nature by the possession of one or more of the essential cell- 
organs in duplicate. In Korschikoff’s Amphichrysis (<q6) p. 261) 
(fig. 3 O) it is the chromatophores and contractile vacuoles, in 
Pascher’s Didymochrysis (.43) (fig. 3 L, M) also the flagella and eye- 
spots that are paired, while in the Distomatineae even the nuclei arc 
\ n duplicate (cf. fig. 245 F, p. 751). Amphichrysis is a double Chromu- 
Ima Dtdytnochrysis a double Ochromonas. Paschen.43) believes that 
such forms have arisen as a result of a division-process arrested at 
various steps, the incompletely halved individual then continuing to 
propagate as though it were a single unit. Cases of such incomplete 
diusion are not unknown in members of various algal groups, and 
Chatton(.g), by preventing the completion of division in Glaucoma 
(Infusoria), was able to obtain such double individuals which pro¬ 
pagated by division Pascher rightly draws attention to the furthc- 
parallel constituted by the compound zoospore of Vaucheria (p 431) 


(b) Palmelloid and Dendroid Types 

,n a r M &- T’ bCr ° f es P ecia ">' am °"S forms showing 
algal organisation motility has disappeared during the vegetative 

ni h n^ reS ° rted t0 so,el y at timcs of reproduction. Th/bcgin- 
nings of this tendency are plainly discernible among the free-moving 
unicell ular types. Thus, in species of C/t / a ;; 0 < /o;// O ;, rt ?( C hlorophyceae^ 

Welland"" Chlorophyceae and Chrysophyceae. A. Chhnuv- 

B, Pandorh]" frfte?^ Ldthl^nd B'^r rt ^^^ r r ,>aSChcr) ’ motile unicell. 

C, Phacolus (after West) and C' '!■ ^ jftcr motile colony. 

D, Polytoma (after France) and I)' Manus l ^ cbs) ’ cr >capsuled type, 
less type. E, Tctraspora (after Relnke Tnd ^Letnmermann). motile colour- 

palmelloid type. F. Chlorococcum (after Bascher)^ind T'C 7 ^ V Kcrh / d " ,) * 

I ascher), coccoid tvpe. G Ulothrix r.fr r u' l”? , ( hrysosphaera (after 

(after Pascher), simple filament II P K eb , s) and G • N”»«tachry S i s 
Chrysodendron (after Pascher) den | r ’ I r ". s ‘" oc/a ‘ i,,s (after Davis) and H\ 
and T, Phaeothamnion (after Pascher) C °branrh ' (alter Mi^ula) 

swarmer of AphanochaL (af.Jr itsetr) and U TT*' J , am ° eh ‘* id 
Pascher); J', amoeba; K, escape of r J ’ L ™ c « c hrys,s (after 

paradox,, (after Pascher)- M onlhl " C> ' St ' L> M ‘ D.dymochrvsis 
podial stage (after Pascher, O*?’ rh “- 

b, basal cell (in V), c chromato‘nh!fro /0 c °'”P r ™u (after Korschikoff). 
vacuole. ’ p re * nucleus; s, stigma; v, contractile 
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and Chromulina (Chrysophyceae) the individuals at times lose their 
flagella and undergo successive division with a simultaneous develop¬ 
ment of mucilage-envelopes, so that there result big gelatinous masses 
comprising numerous cell-generations and sometimes attaining 
sufficient dimensions to be plainly visible to the naked eye. These 
“ Palmella"-stages are, in the case of the organisms just mentioned, 
usually temporary phases in the life-cycle, since sooner or later the 
contained cells acquire flagella and again adopt the swarming habit. 
The conditions calling forth the development of these palmelloid 
stages in nature are hardly known, but, apart from the suppression 
of motility, factors Causing gelatinisation of the membranes must be 
involved (cf. (191)). 

A large number of genera are known in which this palmelloid habit 
is the permanent one (e.g. Tetraspora among Chlorophyceae, fig. 3 E; 
Chlorosaccus among Xanthophyceae; Phaeocystis among Chryso¬ 
phyceae, fig. 3 E'), the reproductive cells alone being motile. All 
such forms are colonial, the component cells, except for their aggre¬ 
gation within a common mucilage-envelope, being quite independent 
of one another and fulfilling all the functions of an individual. The 
colonies are often of quite irregidar and indefinite shape, like the 
Pahne/la-siages above mentioned. The mucilage is either secreted by 
the protoplasts of the cells or arises by the gelatinisation of their 
membranes <85,165. igo>. Alone among Chrysophyceae have such 
colonies attained a higher differentiation (p. 546). 

A variant of the type just considered in which the mucilage is 
produced locally, generally at the base of the cell, results in dendroid 
colonies , such as those of Prasinocladus among Chlorophyceae (fig. 
3 H) and Chrysodendron among Chrysophyceae (fig. 3 IT). The 
polarity thus expressed probably marks a fundamental difference 
from the ordinary palmelloid habit, and the practice of classing the 
two series of forms in the same family is to be deprecated. In 
Dinobryon (Chrysophyceae) somewhat similar dendroid colonies are 
motile. Both the palmelloid and dendroid habits arc to be regarded 
as closely allied to the free-swimming one, since in either case a 
reversion to the motile condition verv readilv occurs. 

(<-) The Coccoid Habit 

In manv of the motile unicellular types the individual comes to rest 
and draw s in its flagella before division of the protoplast to form a new 
generation of free-moving unicells takes place. A prolongation of 
this sedentarv phase, with an accompanying restriction of the swarming 
period, would lead ultimately to a motionless unicellular individual 
resorting to motility only at times of reproduction. This coccoid habit 
is the permanent one in a very large number of Chlorophyceae 
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(e.g. Chlorococcum , fig. 3 F) and is also encountered in many other 
classes (Chrysosphaera among Chrysophyceae, fig. 3 F', etc.). 
A further step in the same direction leads to the complete dis¬ 
appearance of motility (13S), the reproductive cells being motionless 
from the first and resembling the parent in all but size (azoosporic 
forms, e.g. Chfore/la, fig. 37 C, I). The cells of the coccoid type are 
commonly spherical, but other shapes are also realised. Among these 
sedentary forms there often exists a very strong colonial tendencv 1 
nowhere more highly developed than in the Chlorophyceae, where 
almost every conceivable type of motionless colony is to be found 
(P- J 59 )- 

Many of the sedentary forms so far noticed betray their close 

relation to the motile types by the possession of contractile vacuoles 
and eye-spots(97. >48). 


( d ) The Origin and Characteristics of the Filamentous Habit 

5 j diS !i n ? tive ° f aI1 the l yp es of algal habit so far discussed that 
unle^rh ' d,V,S, ° n ° CCUrS * the P roducts of division of the protoplast’ 

nwtl he> ’ re Tu n P ermanent, v na ked, sooner or later become com¬ 
pletely inv ested by new cell-walls of their own. The membrane of the 

parent-cell is either ultimately cast off or, in some of the colonial 

feaTmtheT 5 muc,la S' nous - Cell-division in these cases therefore 
ads to the formation of new units which are quite independent of 

he membrane of the parent-cell, and is thus really soldyConcerned 
in Dlaner d r UCt, r’ M ? reover ’ successive divisions usually take place 

rnmsm 

laterally to the membrane of rhp P m ^ m ^rane \\hich is joined 

Pleurococcaceae) n most a of U wh > ich°^^^\^!^^"^'^ l, ^^^ r ^^ 

types. Vegetative’ division affords the 

Algae in so far d^ffe^ffom'tLro^hiBh 1 Cell .' division in cellular 

being formed (cf. however p ^T) He Ch ^ "° 

in,erpr " a,ion ° f * a g '; h n e 
in these forms, e s"e e (6D, t I 1 I g 1 ) 0ndlt,0nS ,nducin « «be development of colonies 



i8 


INTRODUCTION 


above is erroneous, inasmuch as septa connected with the walls of the 
mother-cell are not formed. According to him, after the protoplast has 
divided into two, each half-protoplast becomes enveloped in a com¬ 
pletely new wall, the apparent septum being constituted by the double 
layer of membrane formed by the adjacert walls of the daughter-cells. 
In other words the cell-division of a filamentous alga is regarded as 
being of just the same type as in the unicellular forms above considered, 
except that there is no marked contraction of the protoplast so that the 
daughter-cells completely fill out the parent-membrane and that the 
latter persists around the daughter-individuals. While this interpretation 
appears to apply to a number of simple filamentous types (some 
Chrysophyceae; Dinothrix, fig. 237 A), it is difficult to harmonise it 
with the many accounts existing in the literature (cf. e.g. (173)) of the 
gradual ingrowth of a dividing septum during cell-division in green 
filamentous Algae (figs. 69 D, E, I; 99 A). The data at present published 
by Pascher, as well as those afforded by Vischer(i9*), do not include 
a detailed consideration of such cases and one must await a fuller 
account before estimating their true value (cf. also («ss) p. 6). Each 
cell of a filament of course develops its own appropriate thickening- 
layers subsequent to cell-division, and in later stages the primary 
septum is often indistinguishable. The question to be settled is whether 
there is such a primary septum or not, and that can only be determined 
by a careful study of cell-division. 

According to Pascher ((140); cf. also ( 68 )) the division of the protoplast 
in many filamentous forms takes place in the longitudinal plane, al¬ 
though rotation to the transverse plane ensues after its completion so 
that the cells lie one in front of the other (cf. fig. 183 F, G). In other 
cases there is more or less marked rotation of the protoplast to the 
transverse plane before division, so that the direction of the latter 
comes to be oblique or even transverse. 

Division of the vegetative type constitutes the characteristic of the 
filamentous habit which in fact owes its origin to the adoption of this 
method of segmentation and to its taking place time after time along 
the same plane transverse to the long axis of the filament. There can 
be little doubt as to the mode of origin of filamentous Algae, since 
in many of the simpler forms it is recapitulated every time a motile 
swarmer comes to rest on some substratum and, after secreting a 
cell-wall, proceeds to divide by vegetative division to form the thread. 
The latter was no doubt in most cases a direct further development 
from the motile unicell after the latter had adopted an epiphytic 
habit. 1 The filament is the most elementary type of thallus, as the 
multicellular body of the Algae is conveniently called. In its simplest 
form it is seen in such genera as Ulothrix (fig. 3 G), Tribonema, 

1 Epiphytic unicells are abundantly represented in many classes (cf. e.g. 
p. 151). There is no evidence for the view that derives the filament from 
palmelloid types. 
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A ematoclirysis (fig. 3 G'), and many Myxophyceae, where it consists 
merely of a row of cells firmly connected with one another. 

Two modifications of this type ot plant-bodv are frequent. If septa 
arise along two planes at right angles to one another we obtain 
flattened leaf-like expanses, such as occur in L ira (Chlorophyceae, 
fig. 62 E), Punctaria (Phaeophyceae), and Porphyra (Rhodophyceae) ; 
foliaceous thalli of this kind may consist of two or more layers of cells 
owing to the occurrence of a few divisions in the plane parallel to the 
surface of expansion. Such parenchymatous forms may at times assume 
other shapes, for example a tubular one, well seen'in Enteromorpha 
(Ulvaceae, fig. 63 B) and Asperococcus (Phaeophyceae) and resulting 
from a subsequent separation of the layers composing the thallus. 
The parenchymatous habit is of special interest-, since it shows how 
from a filamentous beginning a flat expanse may originate. 

More frequent is the development of a branching filament owing 
to the lateral outgrowth of more or less numerous cells, the outgrowths 
undergoing transverse septation like the main thread. Such branched 
nlaments are to be found in all classes in which the filamentous habit 
has appeared and represent in many cases the highest tvpe of develop- 
ment that has been reached. Examples are afforded'bv Cladophora 
(Chlorophyceae fig 3 I), Phaeothamnion (Chrysophvccae, fig. 3 I'), 

hf r“i Rh ° d0phy f 1C ' fig ' 2 etC ' A Pillar form of 3 false 
branching is distinctive of many Myxophyceae (fig. 2 L). 

n many of the simpler unbranched filamentous forms (Ulothrix 

fmSanHH ^ CC, ' S "5 ^ alike and *v«y one is capable of 
growth and division, as well as of the formation of reproductive units 

Such growth may well be described as diffuse} Forms like these are 

the r cen/ e T Ve i f ? m C °'° nieS ’ exce P‘ «he Cose association of 
their cells and in the fact that there is probably always some give and 

in^h f t,meS ° f re f r ° duCtion - since a11 the cells are rarelv fnvolved 

is capableT/r M gametes > thou g h potentially every one 

which in the mature condition generally has a verv * SJ * / 7)> 

are d of«r^ in S v ble ° f ^ etanen*;CS 

division of labour ’ ’’ ' here ,S ° ftCn further-going 

and'cUvisioif « i^phora) grorvth 

•here „ 
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Fig. 4. The advanced types of algal habit. A, Stigeoclonium , heterotrichous 
filament (after Fritsch). B, Erythrocladia (Bangialcs), discoid type (after 
Rosenvinge). C, Chantransia , heterotrichous filament (after Rosenvinge). 

D, E, Dumontia incrassata (Rhodophyceae); D, habit (after Kvitzing); 

E, longitudinal section of thallus (after Kylin). F, Ralfsia (Phaeophyceae), 
crust in section (after Reinke). G, Hildenbrandia (Rhodophyceae), crust in 
section (after Fritsch). H, Litosiphon pusillus (Phaeophyceae) (after Sauva- 
geau). I, Scinaia furcellata , apex in longitudinal section (after Svedelius). 
c 9 creeping, and e, erect systems; a (in E), axial thread. 
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fig. 4 E), (ii) the close juxtaposition of a number of threads so that the 
central axis consists of a strand of filaments whose numerous branches 
form a more or less compact cortex (multiaxial construction , figs. 4 I; 
133 A, E), and (iii) the division of the cells of the primary filament by 
septa in all directions to form a parenchymatous body ( parenchy¬ 
matous forms , fig. 4 H). The first two types of construction form the 
fundamental basis of the structure of all Florideae (Rhodophvceae) 
where indeed the thallus, no matter what its outward form, is always 
derivable from a filament or filaments with pronounced apical growth, 
although the simple branched thread is comparatively rare. The 
uniaxial construction is seen in a simple form in Batrachospermum 
where the filamentous nature is still clearly recognisable. A more 
compact form is, however, attained in Red Algae like Dumontia 
(fig. 4 D), where the origin from a branched thread is recognisable 
only in sections (fig. 4 E), while in many of the advanced types like 
the Delesseriaceae it is only by careful study and by observing the 
arrangement of the protoplasmic connections between the cells 
(cf. p. 9) that the origin of the foliaceous thallus from such a 
uniaxial branch-system can be deciphered. Similarly, a multiaxial 
construction, while clearly evident in such an alga as Nemalion or 
Scutaia (fig. 4 I), appears in Furcellarta in a more compacted form, 
whilst in Chondrus the leafy thallus betrays its actual structure onlv 
after laborious investigation. 

The same two types of construction are found in other classes. 

Thus, among Siphonales the uniaxial type obtains in Dasycladaceae 

(P- 3 8 7 ). here combined with calcification to form an often rigid 

plant-body, whilst the multiaxial type is essentially characteristic of 

the Codiaceae (p. 402). In Phaeophyceae the latter type is widely 

represented among the Ectocarpales ( Castagnea , Leathesia, etc.). In 

the red and brown seaweeds these elaborate forms not uncommonly 

arise from a primary- heterotrichous filament, the kind of ultimate 

structure realised depending on whether one or a number of threads 

ot the erect system are concerned in the production of the mature 
thallus. 

The third method, the derivation of a parenchymatous body from 
a primary filament by abundant septation is, apart from the origin 
ot toliaceous expanses in some Green and Red Algae already referred 
to above (p. 19), met with only in the Phaeophyceae. In a simple 
orm it is seen in a large number of Ectocarpales (haplostichous 
/£", S <y. tos ‘P''°» or Litosiphon (fig. 4 H) and Sphacelariales 
? has also ,ed to the ev °lotion of the large parenchy- 

Lami'nl M Y /?* ^ big brown kel P s b elonging to the 

struction 3 n S g ' k ? nd Scales. Such a parenchymatous con- 
Pnrlh \ occurs „ both ,n for ms with diffuse growth (Ulvaceae 
orphyra), as well as in those with a circumscribed growing-point’ 
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either intercalary (Laminariales) or apical (Sphacelariales, fig. 2 G, 
Dictyotales, Fucales). 

In the large brown seaweeds the thalli exhibit marked anatomical 
differentiation (cf. fig. 5 B, F), even extending to the development of 
true sieve-tubes in Macrocystis and Nereocystis , but as compared with 
the internal differentiation met with in higher plants there are two 
prominent points of divergence. In the first place the tissues are not 
sharply contrasted, since one can gradually merge into and even give 
rise to another at its inner limit. In the second place there is an 
abundant production of unbranched or branched filamentous out¬ 
growths (so-called hyphae , fig. 5 F, h) from many of the internal cells, 
these threads worming their way—often in very large numbers— 
through the soft mucilaginous membranes of the cells forming the 
central part of the thallus. These hyphae probably largely serve a 
mechanical purpose, and in their widespread occurrence, as well as 
in the above-mentioned intergrading of tissues, we have marked 
points of contrast in the structure of these elaborate forms as com¬ 
pared with higher plants. 

The production of thread-like outgrowths from the cells of the 
multicellular thallus is altogether a very frequent method for in¬ 
creasing rigidity in brown and red seaweeds, although in Chloro- 
phyceae it is met with only in Draparnaldia, Draparnaldiopsis (frontis¬ 
piece), and in Chara (fig. 148). In many cases the threads grow 
superficially over the older parts of the primary thallus (so-called 
cortical threads) and may very considerably increase their thickness, 
as in Desmarestia (fig. 5 C), Sphacelaria, Polysiphonia , etc. It is 
probable that both hyphae and cortical threads are morphologically 
of the same nature as the attaching rhizoids found in many filamentous 
Algae. They do indeed play a considerable role in forming the 
sucker-like attaching discs of Fucales and the branched haptera of 
Laminariales (fig. 5 A, a). 

(h) Epiphytes, Endophytes, Parasites 

Very common among the Algae is the epiphytic habit (i.e. growth on 
some other living plant, often a larger alga). 1 This is met with in 
more or less numerous representatives of all classes and has already 
repeatedly been referred to. It is probably no far step from epiphytism 
to endophytism, and in many genera that are normally epiphytic 
endophytic forms are not uncommon. Thus, in species of Stige- 
clonium , Ectocarpus, and Chantransia, the prostrate system may be 
endophytic in the superficial tissues of other larger Algae and, when 
the upright system is reduced, the whole thallus may become endo- 

1 A large proportion of the Algae and especially of the seaweeds are, 
however, lithophytes, i.e. they grow on rocks or stones. 
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phytic, as in Endoderma (Chaetophorales, fig. 5 G), Streblonema 
(Ectocarpales, fig. 5 D), etc. In how far such forms are mere space- 
parasites (as in the case of C/ilorochytriuni, fig. 5 E) or derive some 
nourishment from the host is scarcely definitely settled in any one 
case. The fact that individual species are commonly confined to one 
particular host or even one definite part of the host points to some 
kind of interrelation; on the other hand, there is in most cases little 



(after 5 Fritsch a and nt Sili«h PeS \ 0t , t | hi;l , Ius construction - A - Laminaria, habit 
Oltmanns) C n Sal,sb V r >’ ) - Lannnana, section of the stipe (after 

StrebhueL M a P 5 * <>( a growing plant (after Reinke). D. 

resting cells F “ CUS (af,or K > lin) - C/dorochvtrium, 

(after OltmaniJT d r Pl 2 # ( ? fter Klebs) - ' • F “ a ‘ s - action of midrib 

(after WilTe) ' . 7 ’ FnJotlerma > endophytic in the membrane of Ectocarpus 

—edui cor,icaI ,hrcads: "* hyphae: 










26 


INTRODUCTION 


w 

X 

(/) 

< 

J 

O 

UJ 

> 

£ 

z 


< 
HI 
o 
> 


— 

c 

z 




< 


.11 

.Sc 

11 

ii 


u 

*-• 

y 


y 

W 

y 



_ - 3 


3 £ 3 3 

A 

3 3 •— 3 

c c.E.S c 

X 

- -= "3 O 

* u 

^ "3 CX-— 

X 

o ft r- y 

y = 5 o o 


o £ ir c c 

w £ £ 


E 

3 

3 


II 


3| 

—, y ^3 **—* 

X 1 - c p 30 

C ° £ Ss 2 

E 2 - 
>» o-.E a. 

0^20^ 


z 

o 


3 ) 

a: 

£ 

z 

c 

(J 

J 

< 

c 

— 

< 

u. 

o 

(S 

— 

>• 

h 

a: 

UJ 

-J 

— 


H 

u. 

C 

z 

c 


J 

c 

> 

u 

z 

•/. 

3 

UJ 

-J 

— 

< 

< 


< 

H 

> 


w 2 

W Ch 


u. 

C 


= 

(A 

UJ 

2 

< 

£- 


> 1 * 
s § S 
E £ = 

• C ^ 

£ M 


•.» 

I a 

O y 

> 

£ .1 3 
5 . 3 « 

5 l| 


u: v 

< r 


s?.2 

3:2 

c g 

2 tf 
o 3 

-E y 


y 

W fl 

y - w 

•T | °. 2 

3 U*g 5 n 

y ~ c 3.-3 

C ** y co C- 

y . “3 y a 

c CO c o c 

A »- C /5 c/i A 

>> 3 >. >• 

U C u t- U 

-3 >,-3 -3 -3 
X O O 


i 

co 

.2 E 

A U 

>* y 

u. 

1 2 

O co 

*-* _r- 

E 
3 


CO 

X 

y 

C 

£ 

co 

(4 


3 
y x 


3 ^ 


•i ui 


2 2 > .i j - 

« v — u- x y 

« g ? = u.c 


y y 
y 


'A 


2 y E 2 

J 3 2 3 
£ y c y 

X * = £ 


u: y 
< 

s s 

= Is 

3 r- y 

I 4 s 
-. >. ^ 
= 30 


w y 

3 * (/ 

m y . — • 

u u 2 t 5 

§ 3|i | 

- C "3 C C 

U £ = i 


• y 

y ~ 

r y 


y 

y 


2 5 


. u 

• y ./ — 3 

^ = “5 

" si E 2 - C 

2 .£ ” = ~ -2 x .2 

I £ g §-£Ti S 

o x § g /y -3 x X - 

0 - 3 - =. a. — ^ ^ X 


111 

r 3 5 

3 - ^ 

» </. 

H >. y 

A X L- 

r. 


y 

3 

3 


^ y 
- y * r 


>. c r- 
e ~ r 3 - w 


A 

3 


Z £r 3 3 

- X 3 -3 C 

(J 2 “c ^ "5 


X y 


'A 


>.x - 2 2 y " 

§ 8« = § ii 

-3 "3 ^ 3 X y 

y - *£ 




y 
r= "3 


> 

f- 


Z Z 


y 

3 

X 


s ^ c § 8 &. 6 
= S-=^E“, 
S c £ y y X = 


'A 

e'J 

!! 

o x 


y 

y 


2 I 


y 

•— 

y 

3 


y 


y 

w 


r» 

X 

X 

y 2 


'A 


y 


.2 a 

£ c 

l-g 

| S 

S>* 


y 

y 


3 

C 

• 

3 

X 

y 

E 

_c 

x 


C- 

A 

A 

CO 

i g 

y 3 

3 C 

E*^C 

y E - 


3 • = 

|x 

I - 

x 

c- o 

X — 


E x 
3 x 

0 ■* ^ 


y 

c. 


x y 
y c. 
- >. 


- CO 

. 2’-5 

o c 

K O 
^ •• 
X A 
C CO 


y 

CO 

y 
y 
>» 
x 
a 
# o 
" 3 
co 


y 

CO 

X 

it 

3 

C 


y 

*■» 

y 

1 


y y 9- 

CO Jj 5 

c c.= 
'£' 5 ° 
y y “3 
it it 3 

3 3 CO 

X X y 


"3 

3 

co 

y 

co 

y 

3 


co 

3 


y 

3 


it 

IJ 

«"S 
y w 

y u 
yT £ 


§ I § 


3 . .= r 


J 

w "5 


y 

CO 

y 

y 

>» 

x 

c. 

o 

X 

>s 


y 

co 

y 

y 

>» 

x 

C. -j 
c co 
•= y 
C 3 

^1 

. * rn 

^ a c 

SoW 
y y 
>. >• ^ 
X x c 

— 3-0 
O C 3 

ggs 


3 


^‘X 


^ r 3 3 


<N 


c " ^ o c a 

X w J£ x 

< ^ o < < w 

- « n •» rt « 



PARALLELISM 27 

evidence of any damage to the tissues except in the immediate neigh¬ 
bourhood of the endophyte. Undoubted algal parasites are, however, 
known. Striking examples, where the parasitism is accompanied by 
loss of photosynthetic pigments, are afforded by Rhodochytrium 
(p- * 57 ) an d Phyllosiphon (p. 426) among Chlorophyceae and 
Harveyella and Choreocolax among Rhodophyceae. Algae of several 
classes enter into symbiosis with Fungi or diverse animals (cf. 
especially pp. 186, 658). 

(1) Parallelism 

In reviewing the main types of habit found in the different classes of 
Algae one of the most striking facts that emerges is the abundant 
parallelism (cf. figs. 3 and 4 and the tables on pp. 26, 27). The motile 
unicell, the encapsuled type, the motile colony, the palmelloid, 


T ABLE SHOWING PARALLELISM IN EVOLUTION OF ADVANCED TYPES 


Type of Construction 

(fl) Heterotrichous fila¬ 
ment 

(6) Discoid (prostrate) 
type 1 

(c) Crusts or cushions 

(cf. p. 21) 1 

(d) Elaborated erect type 

(*) Compact (pseudo- 
parenchymatous) 
type (uniaxial) 

(/) The same (multiaxial) 

(g) Foliose, parenchyma¬ 

tous type 

(h) Tubular parenchyma¬ 

tous type 


of Algal Construction 
Chlorophyceae Phaeophyceae 


Stigeoclonium, 

etc. 

Protoderma, etc. 

Pseudoprings- 

heimia 

Drapamaldia 

Drapamaldiopsis 

Dasycladaceae 

(siphoneous) 

Codiaceae 

(siphoneous) 

Ulvaceae 

Enteromorpha 


Ectocarpus, etc. 
Ascocyclus, etc. 
Ralfsia, etc. 
Desmarestia 

Castagnea, etc. 
Punctaria 

Asperococcus 


Rhodophyceae 
Chantransia, etc. 

Erythrocladia 

Hildenbrandia, 

etc. 

Batracho- 
spermum 
Lemanea, etc. 

Nemalion, etc. 
Porphyra 


“X'm„ a » d filam . ent ° u f s 'yp es ' »he heterotrichous filament, as well 

structure^ not C onl ,SCd f ° rmS ° f ,hal ' US " ith a unia * ial 

/• r L y ° CCUr again and a g ain . but quite analogous 
modifications of them are often to be recognised in different clafses 

n many cases in deed it is only by a careful study of the cell-structure 

the outwari V ha°bT h S ' ha ' < l ui ' e . unrelat '-' d fo™ can be distinguished, 
hi«n™ T? ^ emg P ract,call y identical (cf. e.g. The 

Of thU fi c a t g havi^eTedV S ° f eXam P les of the "on-recognition 

having led to the grouping together of species that 

1 Also in Pleurocapsa, Oncobyrsa, etc. (Myxophyceae). 
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belonged to quite different classes. Moreover, since outward form is 
in many cases of little or no value in determining the affinity of an 
alga, it is quite impossible to establish with any measure of certainty 
the systematic position of the simpler types of Algae found in the 
fossil condition. 

With the evidence of this marked parallelism before one, it can 
hardly be doubted that evolution has progressed along similar lines 
in many, if not in all, series of the Algae. As our knowledge increases 
additional examples of parallelism are coming to light in the different 
classes, and it would seem as though in some nearly all the types of 
simpler plant-habit have been evolved. It is not to be expected, 
however, that all have been developed in even,- class or alternatively 
that all have been preserved to the present day. 

THE SPECIAL STRUCTURAL FEATURES OF THE 

ALGAL CELL 

Some of the most significant features of the algal cell are, as the earlier 
matter has shown, afforded by the chromatophores with their pig¬ 
ments and associated photosynthetic products. These vary widely in 
the different algal classes and are therefore more appropriately con¬ 
sidered separately under each class. 

The resting nucleus ((4), especially p. 213) in a large number of the 
Protophyta is characterised by a masking of the chromatin, so that 
the latter is indistinguishable from the caryolymph even after staining, 
and the outer nucleus appears clear and often almost homogeneous. 
In such cases the nucleus often possesses a large and conspicuous 
central nucleolus, frequently distinguished by the ready capacity 
with which it takes up nuclear stains (fig. 6 C, G, I, J, k). This has 
led in the past to the view that in such cases the chromatin in the 
resting nucleus is lodged within the nucleolus and such nucleoli have 
come to be styled caryosomes. By degrees, however, it has been shown 
for case after case that this assumption is incorrect, and with the 
demonstration by Geitlertsi) that even in Spirogyra, which long 
remained as an outstanding example of a caryosome-nuclcus, the 
nucleolus is recognisable long after the chromosomes arc differen¬ 
tiated (fig. 10 C), the concept of the carvosome-nucleus has finally 
to be eliminated. Many authorities, however, still retain the term 
caryosome for the large and prominent nucleoli present in the nuclei 
of a large number of Protista. In many of the higher Algae the nucleus 
does not appear to differ essentially from that of archegoniate plants. 
Special features of the nuclei and of the process of nuclear division 
are dealt with under the individual classes. 1 

1 With reference to Hartmann’s concept of monoenergid and polyenergic 
nuclei, see (4) p. 272, (71), (166). 
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Centrosomes ( centrioles) have only been recorded in the cells of 
relatively few of the more advanced Algae (some Chlorophyceae, 
Phaeophyceae, and Rhodophyceae). Here they have usually been 
recognised only at times of nuclear division (fig. 6 B), although in the 
Bacillariophyceae (fig. 6 Q) and Sphacelariales, for example, they are 
often distinguishable adjacent to the resting nucleus. 1 here is, how¬ 
ever, good reason to believe that they are usually, it not always, present 
in the motile types, although here too they may not be evident except 
at the time of nuclear division. As regards their location there is some 
diversity. In what is perhaps to be regarded as the most primitive 
type the centrosome is located actually within the caryosome. In 
other cases it is situated in the outer nucleus (fig. 6 L) or in the 
cytoplasm in the vicinity of the nucleus (fig. 6 Q). Wherever a centro¬ 
some occurs, both in sedentary and motile forms, it plays a role in 
the formation of the mitotic figure, dividing into two halves which 
occupy the poles of the spindle (fig. 6 B). All gradations from clearly 
marked and deeply staining granules (cf. Dimorp/ia, fig. 244 R, p. 748) 
to such as are indicated only by the pronounced cytoplasmic radiations 
at the poles of the spindle (centrospheres) are found. The centrosomes 
present in the cells of sedentary Algae are perhaps to be regarded as 
survivals from the fiagellate ancestry, since in the motile types they 
are usually markedly associated with the Hagellar apparatus. 

In the simplest case, realised in the Rhizomastigaceae (p. 750) 
among the colourless Flagellates (3.7s), as well as in Ch/orainoeba 
(p. 471), the flagella are continued backwards as a thread extending 
up to and into the nucleus and terminating in a centrosome located 
within the caryosome (fig. 6 G, H). More usually, however, the 
flagellar apparatus is more complex. The flagella then arise from 
definite, deeply staining centres, the basal granules, situated near the 
surface of the protoplast, one being usually located at the base of 
each flagellum (fig. 6 C, J, L, b). When more than one is present the 
basal granules are sometimes united by a delicate thread, while as 
a general rule a similar thread, the rhisoplastW), extends from one of 
them (rarely from both, fig. 6 J) up to the surface of the nucleus or 
connects with the centrosome (fig. 6 C, L, r). Sometimes a number 
of flagella arise from a common basal granule (fig. 6 I), while in the 
multiflagellate zoospore of Dcrbesia the numerous flagella take their 
origin from two ring-shaped blepharoplasts (fig. 122 II, p. 386). 1 In 
Oedogonium (fig. 6 K) the flagella, according to Kretschmer(98), arise 
from two rings of separate granules. 

When such motile individuals come to rest and the flagella are 
withdrawn or shed, both basal granules and rhizoplast disappear, to 
be regenerated when motility is resumed, although this has so far 

* It is not improbable that even in these cases there are separate granules 
which, owing to their proximity, have so far not been distinguished. 
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1 m K . 6. A, Sbhaerella (Uaematococcus), emergence of flagella through mem¬ 
brane (after Pascher). B, Fucus, nuclear division (after Yamanouchi). 
C, Polytoma, showing flagellar apparatus (after Entz). D-F, Oedogomum, 
three stages in the development of the zoospore (after Kretschmer). O 
Mastigamoeba and M, C'ercobodo, flagellar apparatus (both after Prowazek). 
1, Pyramimonas (after Bretschneider). J. Eudorina, structure of single ce 
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only been clearly established in a few cases. According to Entz(42) 
in Polytoma and McKaterno.*) in Chlamydomonas the intranuclear 
centrosome then elongates to form a dumbbell-shaped body (cf. fig. 
6 N) and separates into two. One of the division-products migrates 
through the nuclear membrane and passes through the cytoplasm to 
the anterior end (fig. 6 O), but the two halves remain connected bv 
a delicate thread, identical in appearance to and no doubt homologous 
with the thread (centrodesmose, cf. fig. io S) formed between the two 
halves of the centrosome in the earlier phases of nuclear division 
(fig. 6 N). This thread constitutes the rhizoplast. The half-centrosome 
at the anterior end divides to form the two basal granules, one of which 
is connected with the rhizoplast, and from the basal granules the flagella 
are gradually protruded (cf. also <*>j>). Much the same course of events 
has been recorded in diverse Chrysophyceae( 39 ), Dinophyceaetsn, 
and Luglenmeaeu), although it appears that in a considerable number 
of forms the rhizoplast soon disappears, so that the basal granules in 
later stages exhibit no connection with nucleus and centrosome. 

In view of these facts the basal granules must be regarded as the 
equivalents of centrosomes, and in the simplest type distinguished 
above the intranuclear centrosome itself in fact appears to act as the 
point of origin of the flagella (fig. 6 G, H). The basal granules, like the 
centrosomes. are usually nothing more than deeply staining homo! 

Sl°c US T b °f ieS ' bUt m S ° me ° f the Protomas tigineae (Bodo, Rhyncho - 
! ' 1S > T 'y pa " oso "‘ a > P- 750 and fig. 245 D) the flagella original from 
more elaborate and prominent structures with a deeply staining central 
body and a surrounding zone containing little stainable matter. In view 

reVardedTa? ° f ' heSC b ° di ‘ S they have 

garded as a second nucleus essentially connected with the flaoellar 

appa^tus (kinetonucleus), and organisms possessing thes stru ctu es 

M diagram of eye-spo^ of Volvocales J au « hter -' n d'viduals. 

reflect,on of the incident light OarS arro^) Si ^° W,n « the of 

beam ot blue-green light reflected *L, m - th arrows indicate the 

yellow focal spot. VK , f the inner surface of the cup; y. the 

offinis (after Cholnoky). R (a ^ tcr Strus b ur ger). Q, Cymbellu 

'Mth vacuolar apparatus (after Klebs) „ starch /, h . “ n,erior end 

'• ' h '“ plas,; - ~ A ry. -i; : 
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It is possible that in some of the higher types of Algae the nuclear 
centrosome has been lost and that it persists merely in the form of the 
basal granules, but in the swarmers of a large number of these forms 
basal granules have so far not been recognised (cf. e.g. Cladophora 
(173.»7s), fig. 6 P; Viva (« so) ; but see fig. 57 Q, p. 200). The recent 
establishment of such basal granules in Oedogomum, however, makes 
it probable that with modern cytological methods they will be 
recognised also in other types. In many cases the nucleus moves to 
the part of the protoplast from which the flagella arise ((175) p. 185; 
cf. also fig. 6 D-F). It is outside the province of this book to discuss 
the question whether the centrosomes are the equivalents of the 
blepharoplasts of archegoniate plants (76), but since both kinds of 
structures give rise directly or indirectly to the flagella they must be 
fundamentally similar. Only in the spermatozoids of the Charales 
do we find a body that morphologically resembles the blepharoplast 
of the higher plant (p. 458). 

The flagella themselves are cytoplasmic prolongations which, in 
forms provided with a definite cell-wall (e.g. Sphaerella), emerge 
through fine pores in the membrane (fig. 6 A). Of the detailed struc¬ 
ture of the flagella not much is known, but it is probable that they are 
always composed of an axial thread with surrounding cytoplasm which 
is contractile (94). In the coarse flagella of Euglenineae this structure 
is very evident. According to Korschikoff (94) the axial thread consists 
of a very large number of thin fibrils, whilst Dellinger^*) maintains 
that in Euglena and in some Cryptophyccae the flagella consist of a 
small number of fibrils spirally twisted about one another. In the 
Volvocales the flagella are whip-like with a thick proximal and thread¬ 
like distal portion (fig. 6 C), whilst in Xanthophyceac, Chryso- 
phyceae, and Euglenineae some of the flagella bear numerous fine 
lashes(43.«5°.i93.*»). According to Korschikoff(94) and Dellinger ( 3 <>) 
these structures are artefacts . 1 

By brief treatment with a solution of silver nitrate, subsequent to 
drying at ordinary temperatures, Klein(91) has demonstrated in the 
superficial plasma of a number of Volvocales and Euglenineae (cf. also 
(80)) a system of fibrils appearing as fine lines connecting with the 
flagellar apparatus. This system of “silver lines” in the Volvocales 
comprises a number (2-4) of meridional ones, as well as an equatorial 
line and one encircling the bases of the flagella ; the basal granules are 
connected with the meridional lines. In the colonial Volvocales these 
lines are stated to form a connected system occurring also in the plasmo- 
desmae between the adjacent cells. It is suggested that they link the 

1 Regarding the movements of flagella, see (35), (59), (99), (109), (' |8 >. and 
(188). For the influence of external stimuli on the movements, see (10), (16), 
(32), (79). (iu-113), (1 ■$), (129), and (172). The terms dikontan, tetrahontan, 
etc.' are used to indicate the number of flagella present. 
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flagellar apparatus of different individuals with one another. In the 
Euglenineae there are numerous longitudinal lines, sometimes con¬ 
nected by a circular one. 


Apart from the flagellar apparatus the motile cells in all classes 
exhibit a special equipment in the possession of eye-spots (stigmata) 
and contractile vacuoles which in view of their wide occurrence may 
be considered to be an essential part of the motile habit. On the other 
hand, these special organelles are only rarely met with in motionless 
Algae, and their presence there is probably always an indication of 
a very close affinity to motile types. The eye-spot or stigma is to be 
found in most kinds of motile cells (including some colourless ones), 
as well as in the swarmers of the sedentary forms. It is commonly 
located near the anterior end (fig. 6 C, J, P) and, under a .low mag- 
nification, appears as a reddish or brownish red dot or streak situated 
in the superficial layer of the cytoplasm ((. 7S ) p. 193, ( 4S >, (46)). Among 
(jreen and Brown Algae this eye-spot is apposed to the edge of the 
chromatophore or, if several are present, to one of them (cf. 07)), but 
in other classes it is often independent of the chromatophores 
(fig. 6 T). In Chrysophyceae it is commonly located at the base of 
the flagella(4s). Its detailed structure has only been elucidated in a 
few cases and there is by no means general agreement. 


1 ^f ems thal the rud Pigment (in part at least haematochrome) is 
lodged in a thickening of the plasma-membrane, and various observers 
U 4 . 45 .159.198) have reported its presence in the shape of droplets within 
a protoplasmic network. Franceus) recorded the presence within this 
pigment-body of one or many, usually regularly arranged, highly 
retractive bodies which were stated to be of the nature of starch 
in t-hlorophyceae and of paramylon in the Euglenineae. Neither 
vvagero^) nor Hamburgers) could confirm this with reference to 
e euglenineae, while later work on the eye-spots of the Volvocales 
( • elo ' v ' has al so failed to afTord any corroboration. On the basis of 
^conclusions reached by France, Rothert (<«s8>;cf. also(.o8» suggested 

sh A ? ye " spot ,s to be ^garded as a chromoplastid. Guignard<64) 

th—fVc thC Cye ‘ Spot in the spermatozoids of Fucus originates by 

odlficat,on of the chromatophore, but it may be doubted whether 

DractirTn tUre ca " be justifiably called an eye-spot at all(.ooa). There are 

snmc a Uy n ° ° ther facts tbat s P cak in favour of Rothert’s view. Eye- 

indiviHn I | 0t 3 f 3S a ru,e t0 but arisc de »n the daughter- 

ofth^ d S ' In U va ’ however > Schiller(.6o) states that the eye-spots 

that ann'J arrT K er r dr ‘j? b ^ tbe repeated division of a red-coloured mass 

uhimatelv^ Cf0re d,v,s,on of the protoplast commences, each swarmer 

division L I" e,Vm8 ° ne ° f the Products. CJrasselsS) also reports 
' IS,on of the eye-spot in Euglena . 

1 W ° r u ° f .^ Iast(,,4> on thc stigma of the Volvocales 
here the pigment-bodv (pigmentosa) in general has a 
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cup-shaped form (fig- 6 J, pi), the concavity being shallower in the 
unicellular than in the colonial types. I he concavity is occupied by 
a colourless mass which in some cases at least functions as a lens and 
is clearly recognisable in the colonial forms (fig. 6 J, /) (cf. also (no), 

(i13)), while in other cases the presence of the lens has only been 
inferred owing to its effect in concentrating the incident light. Both 
in Cladophora (175) (fig. 6 P) and Viva (159), however, the lens is 
described as lying internal to the pigment-body. In the Euglenineae 
no certain evidence of a lens has yet been obtained (114). 

Eye-spots are usually regarded as organs for the perception of light- 
intensity and their much greater development in the anterior in¬ 
dividuals of the colonial Yolvocales (cf. p. 99) certainly speaks in 
favour of this view. On the other hand, a considerable number.of 
motile green forms are known possessing phototactic irritability in 
which eye-spots are apparently wanting, and Strasburgerd72> already 
demonstrated that phototactic irritability exists in a number of colour¬ 
less forms which lack eye-spots. There is no clear evidence that these 
forms without eye-spots are less light-sensitive than the others. 

Engelmann ((41) p. 396) first showed that, if a shadow is passed 
from the posterior towards the anterior end along the body of an 
Euglena, there is no response until the stigma is reached, an observa¬ 
tion that has recently been confirmed by Mastd«4). Schiller ((159) 
p. 1700) reports that, during momentary pauses in movement, the 
eye-spot is nearly always directed towards the source of light. 

France (46) believed that his lenses concentrated the light and that 
the pigment-body not only absorbed it but was also light-sensitive. 
Mast (114) has established that the region of the spectrum with maximum 
phototactic stimulating efficiency (the blue and green) is in general that 
which is most readily absorbed by the pigmentosa. He assumes that 
the concavity of the pigment-body is lined with a selective reflecting 
substance and that there is a photosensitive substance between it and 
the lens, the former being supposed to be connected with the flagella 
by a hypothetical conducting system. He finds that the pigment-body 
in the Volvocales is transparent for light of the longer (yellow and red) 
wave-lengths which come to a focus near the convex (inner) surface of 
the cup-shaped pigment-body, whilst the light of shorter wave-lengths 
(green and blue) is reflected at the outer surface of the pigment-body. 
These latter waves are focussed at a point between the pigment-body 
and the lens (cf. fig. 6 M) and then pass on in the form of a bluish green 
beam of relatively high intensity which can be traced for a considerable 
distance. Concentration by the lens and reflection at the inner surface 
of the cup serve to localise the illumination in the cup and to increase 
its intensity. The concentration of the longer waves is believed, how¬ 
ever, to be of no significance. The photosensitive substance in Gonium 
and Volvox is stated to be about nine times as sensitive in the central 
part of the eye-spot as it is in the posterior part(uo). In diverse Eugleni- 
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neae there is a thickening of one of the flagellar roots (fig. 240 G, p. 728) 
which is supposed to act as a photoperceptor and to be connected with 
the eye-spot. 

Mast (110,113) is of the opinion that in the Volvocales the eye-spots 
function as organs determining the direction of movement and that 
they operate in the following manner. Owing to the rotation of the 
colonies on their longitudinal axes the pigmentosa throws shadows 
which bring about rapid changes in the intensity of illumination of 
the photosensitive substance between it and the lens. In all of the 
species he examined the eye-spot in each individual of the colony is 
so situated that lateral illumination of the colony produces, as it 
rotates, alternate shading and exposure of the hyaline portion of each 
eye-spot, while when illuminated directly from the front or the back 
no such shading effect comes into operation. The lens and the re¬ 
flecting substance in the cup serve to concentrate the light on the 
photosensitive surface, making possible more rapid and more ex¬ 
tensive changes in luminous intensity and in the rate of absorption 
of light by the photosensitive substance. By lateral illumination of 
• • ^ 13) was able to demonstrate that, when 

positive phototaxis obtains, the flagella on the momentarily illuminated 
side exhibit a decrease in the rate of the backward movement, while 
on the opposite side the rate is accelerated. 

In the unicellular Volvocales the photosensitive substance is 
elieved to be contained in the hyaline mass within the concavity of 
the spoon-shaped pigmentosa. In these forms there is practically no 
selective reflection from the concave surface of the latter and there 
is no evidence of a functional lens. The eye-spots are again so disposed 
that rotation on the longitudinal axis produces, under lateral illu- 
mination periodic shading of the sensitive substance by the pigment- 
° y. Ihe eye-spots here thus function in essentially the same way 
s in the colonial forms, although owing to the absence of a lens and 
ot a selective refractive surface they are probably much less sensitive. 

in a number of the marine Dinoflagellata more highly differentiated 
u ' CS °'^ I ?, aS ° ce M occur (cf. p. 685). They appear, however, to 
f , essent >ally the same structure and are believed by Mast to be 
p y ogenetically connected with eye-spots. In these ocelli the pig- 

rnnHV 3 is , oft ^ n ca P a ble of amoeboid changes of shape, and a similar 
ondition has been noted in the eye-spots of Trachelomonasdn). 

all or ract, e v< * cuoles{lot ) are normally present in the motile cells of 
ocrnr o U ^ S ° These structures do not appear, however, to 

in deai;n C ° m - n i 0n y m marine as in freshwater forms. Griessmann (60), 
Diace nf ?K Wlth 3 number of ma rine Flagellates, points out that in the 
a non , * COI ? tract,le vacuoles of their freshwater allies one finds 
on ractile vacuole. Zuelzer Uoo) has shown that freshwater 
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Amoebae placed in dilute seawater that was gradually allowed to 
become more concentrated exhibit a slowing down of the pulsations 
of the contractile vacuoles which ultimately disappear; when again 
transferred to diluter solutions such vacuoles once more become 
apparent. On the other hand marine Infusoria appear usually to 
possess these structures, although they are absent in Rhizopods and 

other Protozoa of the sea. r , 

Have (77) distinguishes a number of diverse types ot vacuolar 

apparatus, but in the forms here under consideration on the whole 
onlv two of these are represented. In the first, seen in many Chloro- 
phvceae and Chrysophyceae, we have a simple vacuole which 
periodically contracts completely and expels its contents to the out¬ 
side. Of such vacuoles there may be from one to many, but there 
are commonly two, pulsating alternately and lodged at the anterior 
end (fig. 6 C, S, v). In the second type of apparatus, found in 
Dinophyceae, Chloromonadineae, Euglenmeae and some Chryso¬ 
phyceae, we have a main reservoir (fig. 6 T, re) supplied by one or 
more and sometimes by a system (rosette) of secondary vacuoles (v), 
these in their turn being commonly fed by tertian' vacuoles. In this 
case the reservoir is periodically filled and enlarged by the complete 
contraction of the secondary vacuoles which may themselves be 
replenished by the tertiary ones; the main reservoir then slowly 
contracts to its original dimensions and discharges to the exterior, 
often through a well-defined canal. The large vacuoles or pusules 
characteristic of the Peridinieae, but so far only found in the marine 
forms, are of a somewhat different nature, since evident contraction 
does not occur (cf. p. 669). 

It remains doubtful whether the simple vacuoles found in Chloro- 
phyceae and various other classes have a definite cytoplasmic membrane 
which persists from one contraction (systole) to the next period of 
expansion (diastole). This type is known also in diverse Protozoa, and 
in Amoeba neither Haye(77) nor Day (34) could demonstrate a permanent 
vacuolar wall. They accept the view put forward by Taylor(i8 3 ) that 
in such cases there is a reversible sol-gel system and that the vacuolar 
wall is a condensation membrane or gel disappearing with each con¬ 
traction. In the second type of vacuolar apparatus, however, the 
reservoir possesses a definite wall which is either thin (Peridinieae) or 
thick and well marked (Euglenineae). Various investigators (s*>, 77) have 
shown the presence of lipoids in the wall of such vacuoles. In some 
cases (Peridinieae) specially differentiated cytoplasm is found around 
the reservoir. 

The rate of pulsation depends on the rate at which water enters the 
cell, as well as on temperature(37.83) and other features(15*). When 
freshwater forms arc placed in more concentrated solutions, the rate 
of pulsation decreases(78.200). The usual function ascribed to the 
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contractile vacuoles is to remove surplus water in an organism living 
in a hypotonic environment, but at the same time many believe in 
a simultaneous excretion of waste matter (34. 37 > and, as a matter of 
fact, uric acid has been demonstrated in the vacuolar contents of 
Paramoecium (Infusoria). Adolph(1) calculated that an Amoeba 
eliminates a mass of water equal to its own body-volume in from 4 to 
30 hours (cf. also (78)). There is scarcely any adequate explanation as 
to the modus operandi , although various investigators have assumed 
an osmotic system (37.*7*), while Fortner(44) believes that ultra¬ 
filtration is involved in the filling of the vacuole. 

Among the numerous other inclusions found in the protoplasts of 
the Algae brief reference must be made to the mitochondria or chondrio- 
somes (spoken of collectively as the “chondriome” by the French 
school), although it is outside the scope of this book to deal with the 
many controversial matters that centre around their study. These 
structures appear as minute granules or not uncommonly as elongate 
threads (fig. 10 V, m) which readily stain with Janus green. Their wide 
distribution in Green and other Algae is undoubtedly.33.<>6,67.107.140, 
125.161). Chemically they are believed to be similar to phosphatids. 
While many regard them as ergastic structures (i.e. products of cyto¬ 
plasmic activity, perhaps connected with respiration of the protoplast), 
the French school in particular are largely of the opinion that they are 
definite organelles multiplying by division, although the evidence for 
this view is hardly satisfactory. They have been regarded as the bearers 
of the hereditary qualities of the cytoplasm (67) and in plants in particular 
as the primordia of the plastids(64.6s). That plastids arise from definite 
primordia has long been known, but it is to be doubted if they are of 
a comparable nature to the other structures grouped as mitochondria 
rii.126). Mangenot(io7) states that in the maturation of reproductive 
cells the chromatophores decrease in size and take on the appearance 
and chemical characteristics of chondriosomes and that it is from these 
elements that the formation of plastids in the new individuals takes 
place; but this also affords no proof that they should be grouped with 
other structures showing similar staining reactions, but not related to 
the plastids. Dangeard(3o.3i) recognises three types of cellular in¬ 
clusions which according to him are confused under the name of 
chondriosomes, viz. plastidomes giving rise to plastids, spheromes pro- 
ucing fat- and oil-globules (184), and vacuomes which develop into 
vacuoles. Guilliermond(67) holds the last of these to be quite distinct 
from his mitochondria. 

Another little-known type of cellular inclusion in Algae are the 
so-called metachromatin granules (63.124) which stain with nuclear stains 
an are believed to be identical with volutin (119). They are stated to 
° C ^ U \^ n ^’ verse Chlorophyceae, as well as in Diatoms, EuglenineaeO <0 
an Myxophyceae. Smith ((170) p. 199) expresses the opinion that there 
Qh' tt C differentiate the volutin of Diatoms from the leucosin of 
tysophyceae, both of which appear as glistening rounded masses in 
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the cells, and Gavaudan(52) also identifies metachromatin granules with 
the leucosin of Chrysophyceae. If, however, one compares the reactions 
of volutin and leucosin as enumerated for example by Molisch(i22), it 
is evident that there are marked differences between the two substances, 
and in the present state of microchemical knowledge it is rash to 
identify outwardly similar cell-contents unless there is complete 
correspondence in every respect. 

The normally occurring food-reserves (starch, fat, paramylon, etc.), 
as also the chemical characteristics and the structural features of the 
cell-membranes, are discussed under the diverse classes (with 
reference to the growth of the cell-membrane, see (26), (86), (127), (156), 
(162), and (199)). Various Algae afford striking evidence of growth by 
apposition. The staining capacity of the wall may vary greatly with 
the age of the cell and also changes after death (154). 


THE GENERAL COURSE OF REPRODUCTION 

IN THE ALGAE 1 

Vegetative Reproduction 

The processes of reproduction in the Algae may be considered under 
the three headings—vegetative, asexual, and sexual. We may class as 
vegetative reproduction all those processes of propagation in which 
portions of the plant-body become separated off to give rise to new 
individuals without any obvious changes in the protoplasts. Common 
examples are afforded by the breaking up of the threads of many 
filamentous Algae into short lengths (so-called fragmentation , cf. 
fig. 7 B), whereby prolific multiplication often takes place. Somewhat 
more specialised is the process of hormogone-formaUon met with in 
the filamentous Myxophyceae, where the fragments are endowed 
w ith a power of slow movement. One can include in the same category 
the m ode of multiplication of man y colonU l f orms% v the split ting of _ 
the”mature^colonies into two'or more parts (e.g. in Dictyosphaerium , 
Synura,.etc.). The vege tative divisions of a Pleur ococcu s , of Desmids 
and Diatoms, and of many unicellular Myxophyceae are essentially of __ 
the same kind, as also is the longitudinal division of most naked 
flagellate forms. Many brown seaweeds ( Dictyota , I'ucus) propagate 
abundantly hy .the detacHment of special adventitious thalli. / 

A more specialised type of vegetative reproduction is seen when 
structures are formed which are to tide over a period unfavourable 
for ordinary vegetative development. In these cases the cells involved 
undergo thickening of their membranes and at the same time plentiful 

1 This account is to serve solely as an introduction to the main facts and 
to the terminology and no detailed treatment is attempted. 
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reserves (oil, starch) accumulate within the protoplast; in some cases 
special pigments are formed, so that the cells assume a distinctive 
(often red) tint. Such structures are called akinetes( 196) and are most 
typically developed in the filamentous forms (fig. 7 G, J). Usually 
the cells thus modified ultimately round off more or less and separate 
from one another, so that each constitutes a distinct reproductive 
unit, but in Cladophora and certain other forms this is not the case 
and rows of cells that have assumed this character during dormant 
periods give rise later to new growth without falling apart The 
so-called spores of Myxophyceae are likewise nothing else than 
specialised akinetes. The akinete is in all cases distinguished bv the 
fact that the entire cell (including the wall) is involved in its formation. 


Asexual Reproduction 

In asexual reproduction we have, on the other hand, a rejuvenation 
of the protoplasts of certain cells of the alga; commonly this is 

not°the te ir t V,S,0n , 0f the P rot °Plast, but whether this occurs or 

parem-cell ‘ 7 X ?*** from the ‘ memb ranc of the 

LrbnH f (fig ' 7 ?~ F) *7 g,VC nsC to 3 new P Iant - The commonest 
method of asexual reproduction in many classes of the Algae is bv 

mean ° f ^ naked flage „ at / ^ tha f^ s ^ 

distinctive features of their class ffir* n C a * . . 

development of zoospores seems in all cases to be a slight comrictbn 

of the protoplast away from the cell-wall Onlv a *in»i ntraction 

be formed from the contents Vt chcell 

or, more commonly, division of the contents into two form LhV * 
more parts (fig. 7 E; several hundred in Cladophora ’fig 7 ’7 

place and an equivalent number of zoospores ^s produced K } n IT 
latter case the protoplast may divide after each P nnol» j?" * he 
(successive formation; cf. fig c 7 T U n . d,v,s, °n 

multiply by repeated division an l V P ' 2 °°^ ° r the nuclei first 
as many ^ to ? 7 P r0t0 P ,ast segments into 

cf- fig- 40 F, G, p When "?" 8 S,multane ^ formation; 
by division it seems fhat, as a gener^ti'le^Ihe*' 0 " IS ac . c ® m P ani ed 
membrane and that bounding the central’ 7 SUperfic,aI plasma- 
the production of the 3 s(. 9s > " 0t Uti,ised in 

b r h uni - and 

differentiated, but in Trentepohlia ffig'Vn™^ ® re n<5t s P ecia Hy 
Chlorophyceae and in all PhaeonhvL g ’ lu 1 3nd ,tS aII,es among 
(fig- 7 H, *) that are ™ SpedaI ^ran/a 

Messrs: 

w.s need not be consi - 



INTRODUCTION 


4 0 

of liberation the swarmers are surrounded by a delicate vesicle of a 
mucilaginous character (fig. 7 E, L, M), but this is of quite a temporary 
nature and disappears after a few seconds. In a considerable number 
of Algae belonging to different classes the swarmers, either after a 
brief period of "flagellar activity or already at the time of liberation, 
assume an amoeboid state ((144) p. 235) and may in this condition 
even show holozoic nutrition. 

Zoospores would appear normally to be produced at the height of 
vegetative activity and develop commonly during the night, to be 
liberated soon after daybreak. The investigations of Klebs(8 9 > first 
showed that in many filamentous forms a change in external conditions 
acts as a stimulus to zoospore-formation, e.g. transference from 
flowing to still water ( Ulothrix , Oedogonium ), change of illumination, 
transference to water (in the case of terrestrial forms like Hormidium 
and Voucheria), etc. Light always appears to inhibit zoospore- 
formation and transference to a dark place or even into diminished 
light-intensity often calls forth the production of swarmers. Recent 
investigations seem to indicate too that a certain hydrogen-ion 

concentration is necessary (d8 9 ); cf. also (47)). y '' 

Zoospores afford a ready means of rapid dispersal within the fluid 
medium at times of rich vegetative growth. They appear generally 
to show marked phototactic irritability, moving towards light of 
medium intensity, but being repelled by intense light. 1 Various 
Ulotrichales and Chaetophorales produce two kinds of zoospores with 
different phototactic sensitiveness (pp. 203, 255). The duration of 
movement varies within wide limits in different Algae, from half an 
hour up to two days or more. Towards the end of the period of 
movement the zoospores of most filamentous and other sedentary 
forms seek out dark objects upon which they come to rest. As a 
general rule it is the anterior end of the swarmer that becomes 
fastened to the substratum; this is followed by withdrawal of the 
flagella and the secretion of a membrane, whilst the attached end 
gradually broadens out into a variously shaped holdfast. 

In the case of motile forms provided with cell-walls (e.g. Chlamy- 
domonas) the production of new individuals by the successive division 
of the protoplast into wo, four, or eight parts is quite of the same 
character, except that in this case the swarmers are usually provided 
with cell-walls from the time of their liberation and the naked phase 
is passed only within the parent-cell and is of brief duration. Of 
essentially the same nature is the fission of the motile naked individual 
of a Chromulina, Eugltna , etc., which can equally well be regarded as 

vegetative multiplication (cf. above). 

In many zoo* »sric fo r .ns it happens occasionally, both in nature 
and under conditions of culture, that, after the preliminary steps have 
1 Cf. the literature cited in the footnote on p. 32. 
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occurred and the zoospores are all but formed, a rounding off of the 
protoplasts takes place and a cell-membrane is secreted around each 
(fig. 7 P, ap). Such structures, which are to be regarded as arrested 
zoospores which have skipped the motile phase, are termed aplano¬ 
spores { 196). In some cases their membranes undergo thickening, and 
the resulting cells, which are capable then of a prolonged resting 
period, are known as hypnospores. Under normal circumstances 
aplanospores are liberated sooner or later by the breaking open of the 
membranes of the parent-cells. If they are retained, with accom¬ 
panying gelatinisation of the parent-membranes, the above-discussed 
Palmella-stages arise, which are thus merely a variant of aplanospore- 
formation. 


In a considerable number of the Algae (e.g. many Chlorococcales; 
cf. p. 147) production of zoospores never takes place, but reproductive 
cells are formed, with or without division, by rejuvenescence of the 
protoplast; new cell-walls independent of those of the parent are then 
formed around the products, just as in aplanospore-formatiop^ It is 
legitimate to suppose that in many cases at least such forms have been 
derived from a zoosporic ancestor, but have adopted permanently the 
aplanosporic condition; the evidence for this view is given in full in 
t e later sections of this volume. All such aplanospores are to be 
distinguished clearly from akinetes, since the former always develop 
a new membrane and discard that of the parent. In many of the Algae 
possessing aplanospores the latter develop into absolute miniatures 
th 6 ?, arent ant ^ ac 4uire all its distinctive features (sculpturing of 
e wall, characteristic outline, etc.) whilst still enclosed in the 
parent-cell In such cases it is customary to speak of autospores 
p,°, P ‘ Io8 )* anc * especially good instances are to be found in many 
orococcales (p. 159). The term autospore can be extended even 

i ; . C ‘ n( * lvi duals which acquire the mature form, etc., before 
meration ( e .g. Drachiomonas , fig. 7 O). 

in Z comparable nature to aplanospores are the endosporcs formed 

certam Myxophyceae and the tetraspores of Rhodophyceae (fig. 

of Yn ^J ct y°talcs. The cysts, which constitute the resting stages 

a defi S > a ^ e at ® *° rms > are in so far peculiar that in their production 

C ! nem " rane » often not present in the ordinary vegetative 

or ntli 0n ’ u secretec *- I hat they also are comparable to aplanospores 

struct Cr • y P nos P orcs ' s shown by the development of similar 

ihona ? m ,, rms P rov '<led with a membrane, e.g. in Chlamydo- 

has oe’nrf \\ er u and many I)ino phyceac (fig. 7 N). Cyst-formation 

hut as \f U k' y bCen ^ eRardcti as a response to unfavourable conditions, 

takes nI-> C at L er 3nt ® urrou ghs (C105) ; cf. also (gj>) have shown it often 
3KCS place when there is an abundance of nutriment. 
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Sexual Reproduction 

The occurrence of sexual reproduction is probably a mark of a 
relatively advanced stage of evolution among the simpler Algae, since 
such reproduction is lacking or very rare in classes that possess a 
relatively lowly vegetative organisation (e.g. Xanthophvceae, Chrvso- 
phyceae, Myxophyceae). Certain it is that oogamv is confined to 
those classes that exhibit the highest vegetative differentiation, sexual 
reproduction where it occurs in the others always being isogamous. 

Isogamy (i.e. the fusion of morphologically identical gametes) is 
very usually, except among Siphonales and Phaeophyceae, combined 
with an absence of differentiated organs for the production of the 
sexual cells or gametes. In such cases the gametes arise by a division 
°t the protoplast of the ordinary cell into a number of smal l bodies 
which are liberated in the same way as the zoospores (cf. fig. 7 D). 
buch gametes are in fact outwardly often only distinguishable from 

the latter by theirsmallersize, although there are sometimes differences 

in the number of flagella and in other details. Except in a few species 

or Uhlamydomonadaceae the gametes are always naked ‘ and they are 
invariably uninucleate. 

Ahhough among the simpler Algae sexual reproduction is very 
y ,S °S a ™ us - il has bec °™ increasingly apparent that fusion 
wordr f Kf meteS T the S3me P aren t-individual is rare; in other 

oft^ st," aj0 f nty A 0f r g , a T US AIgae are dioc cious.L- The existen ce 

°f mdlVl ^ hi ! on g known in the isog amous C^j^aKT 
inT li ' i' 1 ala ~iPI3ILgQnju|rtion, was first demonstrated bv Bertholdto 

similar for "many other 

brouehnSl't^ h r n - he ga ? etCS from two diffe «nt individuals arc- 

strain Th^ t er fUS1 ° n ° n Y ° CCUrS if they arc of °PP° sit e sex or 
• These two strains are, however, only distinguishable by the 

around theg^mete’s vfsibk old re f° rds . ,hc P^scnce of a thin membrane 
s This condS • , n , ly after the employment of stains. 

'vider sense which this°te^ h^ '° ? hetero,hal| ism. but in view of the 
Algae is misleading haS assumcd amon « Fungi, its use for isogamous 


Ulothrix (after r* r rr 

D, H, liberation of gametes" F ifh so,,at “- !'• L ' tenerrima ; C. zoospore; 
akinetes (after FritfrM u ‘‘.liberation of zoospores. O. U. osciUarina, 
Reinke). I Trentetu,l,/L Kcl ? car P l,s > unilocular sporangia (s/» (after 

a kinetes («) Vlt wS' ( ?) VS* Gobi) : 1 Ut, * krix " iospora , 
Oltmanns). L \l rw Cladophora , swarmer-formation (after 

dinium, cyst (after Kkbsf n'"«' T® 1 *® ° f ZOOSpore (aftcr Hirn >- X - <?/«,«- 
p . Ophiocytium, aplanosnnr^f autospore-formation (after West). 

swarmers have escaped (in (af ' Cr ? 1 oh,m) * °‘ °P enin B through which 

P a * ln />» pyrcnoid; s , stigma. 




INTRODUCTION 


44 

behaviour of their gametes and it is usual therefore to speak of them 
as positive and negative. 

Segregation into the two strains normally takes place at the time 
of the reduction division (cf. p. 51) and leads to the formation of 
equal numbers of haploid individuals of the positive and negative 
strains respectively. The determination of sex in these cases is 
genotypic, whereas in monoecious forms, in which the sexual cells 
are differentiated on the same individual in the course of its life 
( Protosiphon , Hydrodictyon ), the determination of sex is phenotypic (74). 
Sex determination need not, however, be genotypic in all dioecious 
forms; in some of them asexual reproductive cells or vegetative frag¬ 
ments from a single individual (Spirogvra (27)) are able to give rise to 
plants of either strain, and the sex must here be determined pheno- 
typicallv. 

In forms with motile isogametes (whether dioecious or monoecious) 
big aggregates are usually formed within a few seconds when large 
numbers of the gametes of the two sexes are brought together in a 
watch-glass, and this phenomenon has been styled clump-formation. 
This feature was first recorded by Berthold( 6 ) in Ectocarpus siliculosus 
(cf. also (73)), where each clump normally includes a central stationary 
female gamete and a large number of morphologically similar male 
g ametes ( fig. 8 A). In most cases , however, such clumps include 
num erous gametes of either sex aud ultimately aff ord as many xvgotes 
as the re are av ailable partners present, supernumerary gametes being 
apparently always of one sex (121). According to Moewus both the 
size of the clumps formed and their duration (i.e. degree of persistence) 
depend on the number of gametes of the two sexes that^rtre present. 
In various isogamous species it has been established that there may 
occur intermediate weaker strains, whose gametes are capable of 
fusing with either of the nor mal strains ( relative sexuality ( 73 .s*>). 
behaving as a positive or a negative according to the type of gamete 
with which they are mixed. In such cases the sexual differentiation 
is clearly not as pronounced as in the normal strains. Hartmann holds 
the view that all sexual cells arc potentially bisexual, the sex being 
determined by predominance of a male or female sexual potency 
which may result either phenotypically through the influence of 
external factors or genotypically through the differentiation of sex¬ 
determining genes. 

There is considerable evidence that, in isogamous forms, each type 
of gamete secretes a specific sexual substance and that it is only when 
both secreta are formed that copulation occurs. This point of view 
was first expounded by Jollos(8 2 ) in the case of Dasye/adus. He found 
that a weak positive strain could be converted into a negative one by 
treatment with the filtrate from a strong negative strain, and vice versa 
(cf. p. 402). Such an alteration of strain has, however, in most other 
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cases proved to be impossible. Later Geitler( S 4) found that in 
Tetraspora extracts of one strain (obtained either by filtration or by 
the use ot a centrifuge) can cause clump-formation without sexual 
fusion in the opposite strain and this is probably rather general. In 
a species of Chlamydomonas (C. eugametos) Moewusc.,) has shown 
that the specific substances arc produced only in the light, but that 
copulation can be induced in darkness if the respective gametes are 
previously treated with a filtrate' obtained from their own strain 
which has been exposed to the light. The filtrates lose their specific 
powers after some hours, as well as on being heated to 4 o-co° C. 
No amount of dilution of the filtrate of either strain will cause it to 
behave like that obtained from the opposite strain. It is therefore out 
ot the question that there could be only a single specific substance 

- of ,he '"° s,ra,ns: 
sp £744 

~ “nd r iv ' rt ,nuch as in ^ “ 

another. On this view there would be h.! ? ® u° attractK>n for one 

which is secreted in maximal amnn i bln ? c hemotactic substance 
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gamete a hunger for some substance which only the opposite strain 
or sex can provide. It is of interest that the specific sexual substances 
of one alga have no effect on the gametes of another, although closely 
allied species have so far not been investigated from this point of 
view. Isogametes are commonly positively phototactic, but after 
fusion the reaction changes to a negative one (cf. (106) p. 504, where 
the other literature is cited). 

In a considerable number of isogamous Algae slight differences in 
the behaviour of the fusing gametes have been observed, one being 
more passive and the other more active (cf. fig. 8 A). This is strikingly 
shown in some of the Chlamydomonadaceae with gametes provided 
with membranes, where the one gamete receives into its protoplast 
the cytoplasmic contents of the other (fig. 8 J). This anisogamy 
(heterogamy) is more marked when the two gametes are of different 
sizes (fig. 8 B-D, T), the~Targer one in more extreme cases soon 
ceasing to move and awaiting passively the approach of the more active 
smaller one (e.g. Chlamydomonas Braunii, fig. 8 F, G, Aphanochaete, 
p. 264). Many isogamous forms, however, show slight differences 
between the sizes of the gametes without there being any regularity 
with respect to fusion. Thus, in Pandorina fusion may occur both 
between a small and a large gamete, as well as between two small or 
between two large ones (fig. 8 P, P', P"). This state of affairs no 
doubt indicates a beginning of anisogamy that has, however, not yet 
become fixed*. 

In various groups of the Algae (cf. Volvocales, Ectocarpales) the 
anisogamy just discussed leads over quite gradually to the oogamy 
that marks the highest stage in sexual reproduction among these 
forms. Here the large motionless female cell or ovum is fertilised by 
a much smaller active male cell or spermatozoid. A simple case of 
this kind is found in Chlamydomonas coccifera Gorosch., where the 
female gamete is constituted by an ordinary cell which increases in 
size and loses its flagella, while the male cells are formed by repeated 
division of the contents of another individual (fig. 8 H; cf. also the 
case of Chlorogonium oogamum described on p. 113). Oogamy is, 
however, rare in unicellular forms and for the most part occurs in 
multicellular types. 

In the latter, with few exceptions ( Sphaeroplea ), the sexual cells 
are produced in special sexual organs which, apart from Chaetonema 
and some Brown Algae, are always unicellular and are often very 
sharply differentiated from the ordinary vegetative cells. The female 
organ or oogonium (fig. 8 L, R, o) is usually enlarged and, except for 
Fucus (fig. 8 N) and some of its allies, invariably develops a single 
ovum, while the male ( antheridium ) (fig. 8 R, a) gives rise to one or 
often many male cells which are provided with flagella in all but the 
Rhodophyceae and are usually very active in their movements. The 
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two kinds of sexual cells may be formed on the same (monoecism) or 
on different (dioecism) individuals. While the ovum is generally 
provided with one or more chromatophores and plentiful food- 
reserves (fig. 8 L, R, o), the spermatozoids (fig. 8 K, M) mostly 
contain at the best only a small inconspicuous, often yellowish 
chromatophore and are destitute of food-reserves; not uncommonly 
they are colourless. 

As a general rule the ovum is retained within the oogonium, access 
tor the fertilising spermatozoid being provided by the development 
ot an aperture in the membrane of the female organ (fig. 8 L R) 
through which at the time of maturation of the ovum a certain amount 
of protoplasmic slime (si) is often exuded. The part of the ovum 
nearest the aperture commonly exhibits a colourless cytoplasmic area 

nLTnTr* Sp ? (r) ’ r an u 11 is here that the P enetrat '°n of the sperma¬ 
tozoid takes place. Liberation of the ovum prior to fertilisation is 

charactenstic of all Phaeophyceae, but among Chlorophyceae is only 
fig 8 Y) m 3 W C3SeS {ChIor °Z onium oogamum, Chaetonema , 

JS * h ° d ?P h y ce *f exhibit an oogamous sexual process of a very 
specialised kind. The spherical male cells (spermatic) are formed 

S a W The, thC amheridia (fig - 8 °> and are invariably devoid of 
agella. They are conveyed passively by water-currents tn th* l™ 

brane, and the tnchogyne (t) is established (fig. P 8 Q^and the^de 
nucleus wanders down the neck to fuse with the female ? 
situated in the dilated base of the carpogonium US 

follow if continuous^sexuaro^vegetative^e'production oK, SUPPOSed , '° 
the more advanced types this is probably true At the b ’ ^ •" 
manyofthe simpler Alvae sexual reoroH./ 3 !- A the same tUTle >n 
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pig. 8. Sexual reproduction among Algae. A, Ectocarpus siUcuIosus , clump- 
formation (after Berthold). B-E, Enteromorpha intcstinalis , successive stages 
in sexual fusion (after Kylin); E, the zygote. F, G, Chlamydomonas Braunn , 
two stages in sexual fusion (after Goroschankin). H, C. coccifera , sexual 
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and that it is only when this is the case that light acts as the deter¬ 
mining stimulus. No doubt too other factors (hydrogen-ion con¬ 
centration (202), temperature, etc.) are also involved. Schreiber(!<>.?) 
has made it probable that in certain cases at least a deficiency of 
nutritive material in the environment may condition sexual repro¬ 
duction (cf. also (176) p. (>40). According to Transeau (ise>) vegetative 
growth must go on for a certain time before sexual reproduction is 
possible. He finds that in Spirogyra (and probably also in Oedo- 
gonium) the time-interval elapsing between the first appearance of a 
species and the commencement ol sexual reproduction depends on 
the temperature and the specific surface (i.e. total surface divided by 
volume). In nature sexual reproduction in Algae usually coincides 
with the time of maximum abundance, and very often, though not 
always, it marks the end ot the period of active growth and is 
followed by more or less complete disappearance. 

In isogamous forms the fusing gametes usually become entangled 
by their flagella, frequently meeting end to end, although in most 
cases the two cells subsequently become laterally apposed to one 
another and it is in this position that fusion occurs (fig. 8 B-D, P, T). 
In a few cases a connecting strand of unknown nature has been 
observed joining the anterior ends of the gametes in the first stages of 
approximation (cf. fig. 25 I, p. 112), but it is not known whether this is 
of common occurrence. The product of fusion (zygote) of isogametes, 
usually readily recognisable by its two eye-spots, etc. (fig. 8 D E) 
often continues to move for some time with the help of the flagella 
of the gametes from which it has been produced. Sooner or later 
however, the d.plo.d swarmer comes to rest and becomes enveloped 

t nl Cmbrane ' I" °°e ari ) ous fonns the secretion of a membrane 

dHwmp r?' S °° n I* 6 ' fert,hsation - Among the freshwater Chloro- 

and the ! , £ embranc as a ru,c undergoes considerable thickening 
and the resulting spore (zygospore, oospore) constitutes a resting 

. ‘^iUfonne (after 
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stage in the life-cycle; the contents in these cases are laden with food- 
reserves and frequently harbour quantities of a yellowish red oil, the 
coloration in most cases probably being due to haematochrome. 
Chromatophores are generally not clearly recognisable in these 
dormant structures. Like the akinetes and hypnospores they are able 
to withstand prolonged desiccation and may retain their vitality over 
long periods (14.164). In the vast majority of marine Algae, however, 
the zygote grows at once into another organism and there is no resting 
period. 

Fusion of the cytoplasm of the gametes is accompanied by nuclear 
fusion which may either ensue almost immediately or be more or less 
appreciably delayed; in diverse Conjugales, for instance, nuclear 
fusion is apparently postponed until the time of germination of the 
zygospores (84). In many isogamous forms the chromatophores con¬ 
tributed by either gamete seem to persist in the zygote (fig. 8 E) 
(cf. e.g. (38) pp. 501, 517, (134) p. 234), although in the case of Spiro- 
gyra, for instance, those of the male gamete disintegrate soon after 
fusion (187). Korschikoff(os) reports fusion of the chromatophores in 
Phyllocardium, as also does Schiller ((159) p. 1706) in Viva. In 
oogamous forms the chromatophore-content of the oospore is likewise 
entirely derived from the female cell, since the male gametes at most 
include but a very reduced chromatophore. 

At the present time there is little evidence that the gametes of most 
isogamous forms can develop further in the absence of fusion, 
although Klebs(8g) was able to induce such further development by 
experimental means in diverse cases (cf. also (197) p. 305) and instances 
are also known among Ectocarpales(6.128). Relatively few forms will 
conform to the type of the Chlamydomonas eugametos of Moewus(iai) 
or the C. pauper a of Pascherd46) where every individual is a potential 
gamete and copulation between such individuals occurs as soon as 
the necessary conditions are realised, while in their absence the cells 
lead a vegetative existence. Among the more specialised oogamous 
types of Algae relatively few examples of parthenogenesis (development 
of the ovum without fertilisation) have been reported (cf. pp. 307, 
460), although in various cases such parthenogenesis has been in¬ 
duced by experimental means (cf. (197)). Autogamy (the fusion of 
daughter-protoplasts or of the divided nuclei of a cell without libera¬ 
tion) is reported for some Diatoms (p. 631) and for diverse colourless 
Flagellata. 

Although the meeting together of the sexual cells mostly depends 
on chance, the customary growth of Algae in dense communities no 
doubt renders sexual fusion easy of accomplishment. At the same 
time, since various species and genera usually occur intermingled, 
the production of hybrids is to be expected. That, so far, relatively 
little is known of hybrids among Algae is no doubt due to our imper- 
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Class I. CHLOROPHYCEAE (ISOKONTAE) 


The Algae nowadays comprised in the Chlorophyceae have long been 
grouped under this name. In the past, however, the Chlorophyceae 
also embraced a number of genera and species that have since been 
transferred to the Xanthophyceae (Heterokontae) (cf. p. 4). Diverse 
authorities have advocated a complete abolition of the name Chloro¬ 
phyceae and the use in its stead of the designation Isokontae(2.<>o), 
but there appears to be a consensus of opinion in favour of the retention 
of the old name for the true Green Algae, and in conformity with this 
the writer has abandoned his former attitude. 1 The designation 
Chlorophyceae, moreover, has the advantage of maintaining a uniform 
terminology for the classes of the Algae. 

The Chlorophyceae comprise a very large number of diverse forms 
which enjoy a wide distribution in aquatic and terrestrial habitats. 
The Siphonales and Ulvaceae are almost wholly marine, while a 
considerable number of Volvocales, Cladophorales, and Chaeto- 
phorales occur in the sea; other groups like Conjugales and Oedo- 
goniales are altogether confined to freshwater. As in the case of other 
seaweeds diverse marine Chlorophyceae ( Bryopsis , and to a lesser 
extent Ulvaceae, Cladophora, etc.) store up considerable quantities 
of ipdine, though it is not as definitely localised as in some Rhodo- 
phyceaeoo). Many of the unicellular and colonial forms play a 
conspicuous role in freshwater plankton, whilst, apart from the 
Myxophyceac, no other group shows the same degree of success in 
a subaerial environment (31). The diversity of habit and habitat is very 
striking and in this respect the Chlorophyceae surpass any other algal 
class. 

In conformity with the theory of evolution from a motile unicellular 
ancestry (cf. p. 3), the essential characteristics of the class are to be 
found in the features of the motile stages, but many of the distinctive 
peculiarities are equally recognisable in the sedentary phases, and 
even orders in which motility is lacking altogether (c.g. Conjugales) 
show a clear Chlorophycean stamp. These distinctive features are: 
(a) a pigmentation of the chromatophores, as far as our present 
knowledge goes, essentially identical with that found in the higher 
plants, the two chlorophylls being accompanied by only relatively 
small amounts of the yellow pigments; (A) the usual presence of 
pyrenoids in the chloroplasts; (c) the customary production of starch 

1 One can, however, scarcely ajjree to an inclusion of the Xanthophyceae 
as a subdivision of the Chlorophyceae as is done by Printz(7°), since the two 
classes afford no evidence of any relationship (cf. also (32)). 
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as a food-reserve and its frequent aggregation around the pyrenoids; 
(d) the possession of cell-walls in which cellulose is usually a clearly 
recognisable ingredient; and ( e) the presence in the motile phases of 
equal-sized and generally equally orientated flagella, usually borne 
nt the end directed forwards during movement and commonly two 
or four in number. Occasional departures from this type of flagellar 
apparatus, met with in certain specialised forms, only seem to 
emphasise its remarkable uniformity in the majority. 

In no other class of the Algae do we find such a striking and diverse 
development of those types of plant-body that must be regarded as 
primitive and that probably illustrate something of the innumerable 
attempts at the production of a soma that characterised the earlier 
phases of the evolution of plants. This diversity has particular interest, 
since the Chlorophyceae, in the pigmentation of their chromatophores 
and the course of photosynthesis, stand nearer to the main lines of 
evolution of the higher plants than any of the other algal classes. It 
is unnecessary to consider here the diverse development of the plant- 
body in the Chlorophyceae, since that will follow quite naturally in 
the detailed discussion of the various orders that succeeds this 
introductory section, and the following account deals mainly with 
certain general features of the class. 


The Cell-wall 

In view of the immense range of form within the Chlorophyceae the 
cell-structure naturally exhibits considerable variety. The cell- 
membrane (fig. 9 A) seems often to be composed of two or three 
distinct layers(85.05), of which the innermost is usually the most 
conspicuous and In many cases at least consists largely of cellulose. 
This innermost layer, which when thickened frequently shows 

« • * a _ - a complete envelope around the 

protoplast in multicellular forms and constitutes the greater part of 
the septa. External to the cellulose layer follows a layer of variable 
thickness which probably consists of pectic substances and rarely 
gives cellulose-reactions; it is in filamentous forms most clearly 
distinguishable in the longitudinal walls, but also forms the middle 
lamellae of the septa. Superficially the cell-membrane in certain 
Chlorophyceae ,s bounded by a cuticle, a more resistant, often 
sharply defined darker layer which is, however, not chemically 
identical with the cuticle of higher plants and is found only on the 
free surface. According to Steinecke(8 Ja , the young membranes of 
diverse filamentous forms (Microspora, Cladophora , Vaucheria) con- 

fi a f , ^ l0,d - ^ ? feen Algae the memb ™ne shows a super¬ 
ficial stnation which has been specially studied by Correns<«6> and 

is due to delicate folding of the lamellae of the wall. 
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Among the Siphonales cellulose is apparently often replaced by 
callose, and the membranes in this order frequently contain considerable 
quantities of pectin(61,64). According to Tiffany(85) and Wurdach(gs) 
chitin forms the outer layer of the membranes of Cladophora and 
Oedogoniales, and occurs in the middle layer of the zygospores of 
Zygnemaceae. Wettstein(gi) suggests that, since cellulose is only 
recorded in the membranes of some Volvocales, whilst it appears more 
regularly in the more advanced Green Algae to be displaced by other 
substances in the Siphonales, a phylogenetic progression is indicated. 
Our knowledge of the chemical composition of the cell-wall in 
Chlorophyceae is, however, as yet so meagre and there are so many 
contradictory statements about it that any general conclusion can 
scarcely be drawn. Waren(88a) has recently studied the role of calcium 
in relation to wall-formation and cell-division in the Desmid Micras- 
terias. 

External to the actual membrane there are frequently present 
mucilaginous pectose layers which exhibit all stages between in¬ 
solubility and complete solubility in water and the formation of which 
often appears to continue throughout the life of the alga. The 
resulting envelopes of mucilage are best developed in many Chloro- 
coccales and Conjugales (44.7s) (fig. 9 B, C). The mode of origin of 
the mucilage-envelopes is in many cases by no means clear, but in 
Desmids there are evident and often complex pores in the walls 
(fig. 9 B, C, E) through which the mucus is excreted (p. 341), whilst 
in many cases it appears to arise by gelatinisation of the outer layer 
of the cell-membranes. 

Incrustation with carbonate of lime(69) is of frequent occurrence 
in Siphonales and Charales. In the former the deposition of lime 
appears to take place primarily at least within the mucilaginous layers 
of the wall, although it may later ensue also within the other layers 
(14,51,82). In the Charales, on the other hand, the lime seems to be 
more of the nature of a surface-deposit and to be comparable to the 
not infrequent irregular deposits of crystals of carbonate of lime 
found on the surface of various freshwater Algae [Vaucheria, etc.). 
In many of the Siphonales the lime appears to occur in the form of 
arragonite ((60) p. 90). Deposits of other kinds are not uncommon, 
such as the iron-compounds present in the membranes of various 
Desmids. 


The Protoplast 

The protoplast usually possesses a conspicuous central vacuole , often 
traversed by cytoplasmic strands, but in many Volvocales and 
ChlorococcalesUz) and in diverse specialised terrestrial forms 
(Prasiola, Pleurococcus) such large vacuoles are lacking(3°.7i). 
According to Dangeard(2i) the vacuole in the cells of the higher green 
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forms ( Ulothrix , Ulva, Cladophora, etc.) is replaced by numerous 
small ones in the swarmers which in this respect therefore also revert 
to the condition usual in the motile unicell. 

When large vacuoles occur, as in Cladophorales and Siphonales for 
instance, they are bounded by a definite plasma-membrane which 
apparently does not divide when swarmers are produced, since the 
vacuole with its bounding membrane often remains behind when the 
swarmers are liberated <8«). The sap is not uncommonly rich in tannins, 
but according to Tiffany (85) they are not found in the vegetative 
condition. The amount increases rapidly at times of sexual reproduction, 
although there is hardly a trace in the mature zygotes. As shown by 
True (87) the sap of the marine forms has an osmotic pressure higher 
than that of seawater; a detailed comparison between the sap of 
Halicystis and the seawater is furnished by HollenbergUo). 

Plasmodesmae are known in a number of the colonial Yolvocales 
(fig. 9 W and p. 99), but at present at least there is no evidence of 
their occurrence in most of the filamentous types (cf. however ( 45 )).. 
The thick septa of the species of Trentepohlia , however, show obvious 
pits occupied by extensions of the protoplast (fig. 9 D), and the 
existence of protoplasmic connections is perhaps to be suspected here 
streaming movements of the cytoplasm are frequent. 


Chloroplasts and Pyrenoids 

The chloroplasts (73) are well defined except in a few cases (e.g. the 
older cells of Hydrodictyon , some species of Sphaerella, etc.). In a 
very large number of the Chlorophyceae there is but a single chloro- 

Sinhon r Ch CC i P ? ncip T al ^P^s being found in Conjugales, 

dkcnid CS r u n A ^ aral f • In the last two we find numerous fmall 
discoid or lobed chloroplasts; a type that is also occasionally met with 

in some of the less specialised forms (e.g. Eremosphaera Z Q p\ 

The chloropksts usually lie in the lining layer of cytoplasm (Fe they 

are parietal, fig. 9 H), but central or axile chloroplasts are not in- 

frequent, being particularly common in Desmids (fig. 9 I) although 

r “S'T‘ n , ess ‘ypes (e.g. As'lrLlll: S 

tn'ino ’ ^ Iaboratlo f n , of the chloroplasts is often apparently related 
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Mougeotia, p. 318). These movements have been specially studied by 
Senn(79), who believes that the chloroplasts themselves are sensitive 
to the light stimulus. 

In the vast majority of the Chlorophyceae the chloroplasts contain 
pyrenoids (fig. 9 H-K, p) embedded in the substance of the chloro- 
plast, 1 although these are regularly lacking in certain cases (e.g. 
Microspora , Voucher id) r The pyrenoids of the Green Algae ((17), 
( js ), (74) p. 129) are variously regarded as masses of reserve-protein 
and as special organs (organelles) of the cell. For the former view 
there speaks the fact that pyrenoids may be present or absent in 
closely related species and that they commonly disappear in the 
course of the formation of reproductive units. In such cases they 
slowly diminish in size till they ultimately vanish (35). Starvation also 
may cause a disappearance of pyrenoids, while in well-nourished cells 
they increase in number. Moreover, the pyrenoids in Derbesia 
(( js ) p. 521) and in Hydrodictyon ((44 a) p. 794) have been observed 
to dwindle or even to disappear in light of moderate intensity, but 
to reappear in brighter light. Dangeard (10) found that when Scenedcs- 
tnus acutus was grown in continuous darkness the pyrenoid vanished, 
but it reappeared within four days after exposure to light. 

In favour of the view that pyrenoids are special organs of the cell 
we may note their frequent great degree of persistence even under 
conditions of starvation, the often marked constancy in number and 
position, and the demonstration by Czurda (07) p. 154) that there is 

1 McKater(s 6 ) states that in Chlamydomonas nasuta the pyrenoid is situated 
outside the chloroplast, but this is contrary to all previous observations. 

2 Pyrenoids may also be irregular in their occurrence in one and the same 
species (e.g. Debarya calospora). Dangeard (09) reports complete dis¬ 
appearance of the pyrenoid in material of Scenedesmus acutus resuming 
growth after prolonged exposure to drought. 

and mucilage-envelope (after Schroder). D, Trentepohlia, showing pits (pi) 
in the septa (after Brand). E, Cosmarium, pore-organs (a'fter Lutkemuller). 
F, Eremosphaera (after Moore). G, Tetraspora, two pyrenoids stained with 
iodine (after Czurda). H, Ulothrix sonata (after Klebs). 1 , Staurastrum 
Kjelmanni (after West), on the left the front view, on the right the end-view. 
J, Q, Enteromorpha compressor J, double pyrenoid; Q, starch-envelopes of 
same (after Geitler). K, Prasiola, cell-structure (after Gay). L, S, Prasino- 
cladus (after Zimmermann) ; L, outlines of pyrenoids ; L\ dividing cell • 
S, single cell stained. M, Hyalutheca dissiliens, division of pyrenoid. N 
Spirogyra varians, pyrenoids with embedded starch-grains, and 6 , S Weberi 
division of pyrenoid (both after Czurda). P, Acanthosphaera, pyrenoid with 
open starch-sheath (after Geitler). R, Dichotomosiphon, starch-grains (black) 
and chloroplasts (after Ernst). T, Platymonas, polar pyrenoid (after Zimmer¬ 
mann) U, Zygnema pectination, division of pyrenoid (after Czurda) 
vv ■ 8 pr ° lt f era ' ‘eucoplasts with starch-grains (black) (after Czurda). 

VV .Eudorina, three cells showing protoplasmic connections (/) (after Conrad) 
Z, Spirogyra seti/ornns, pyrenoids with starch-sheaths in polarised light (after 
Czurda). a, grains of starch; c, chloroplast; p, pyrenoid. 
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a definite relation between the amount of cytoplasm and the total 
pyrenoid-substance in the cell. Moreover, pyrenoids often dwindle 
in size in resting cells (zygotes, etc.) where one would expect a storage 
of reserve protein, while they often multiply when there is a general 
removal of food-reserves and at times of active cell-division ((3s) 
p. 142). The view put forward by Steinecke and Ziegenspeck (83) that 
the pyrenoids constitute ferment-receptacles is unsupported by fact 
(cf. also 08)). 

Pyrenoids have commonly been regarded as crystalloidal in charac¬ 
ter and many writers speak of pyreno-crystals, whilst others (39.43) 
have held that the crystal is embedded in a ground-mass as in the 
case of aleurone grains. There is no doubt, however, that the angular 
form of the pyrenoid is uncommon, that when it occurs the angles 
are not definite, that there is no double refraction, and that treatment 
with alcohol causes a marked contraction. In certain Conjugales 
(e.g. Netrium) the pyrenoid is an elongate rod-shaped body, betraying 
no crystalloidal characteristics. All these facts speak against a 
crystalloidal nature, as also does the frequently observed division of 
pyrenoids (72), and support the view put forward by Czurda ((17) 
p. 174) that the pyrenoid is a viscous mass of protein. The interior 
of the pyrenoid is invariably structureless, and the vacuoles reported 
by various workers have been shown to be starch-grains arising in the 
interior of the pyrenoid (fig. 9 N, a). 

When a pyrenoid has attained a certain size it multiplies by division, 
which is a simple process of constriction (cf. fig. 9 M, O, U). 
Pyrenoids can, however, also arise de novo and, where they occur in 
large numbers in the cells (e.g. Spirogyra), both methods seem to 
pbtain. Solitary pyrenoids usually multiply by division. Occasionally 
(especially in some Spirogyras) the cytoplasmic threads by means of 
which the nucleus is suspended are attached to the pyrenoids in the 
chloroplast(23), but since this is by no means the rule there appears 
to be no reason to attach special significance to it. 

Compound pyrenoids 1 consisting of two pieces have been recorded 
by Geitler(35) in Tetraspora lubrica, Dictyosphaerium pulchellum, 
Enteromorpha compressa (fig. 9 J), etc., while pyrenoids consisting of 
a number of units are described by the same author in Pyramimonas 
montana, Chlorogonium elongatum, Stigeoclonium, etc. (cf. the similar 
structures in the Diatom Gomphonema , p. 596). In such compound 
pyrenoids the starch-envelope consists of as many pieces as there are 
segments in the pyrenoid and this has led to the expression of the 
view(35) that, wherever the starch-envelope of the pyrenoid consists of 
a number of separate grains, the pyrenoid is compound and comprises 
as many pieces as there are grains in the envelope, even if that is not 
discernible with present means of investigation. Czurda ((17) p. 151) 

1 The pyrenoid of Anthoceros shows a similar compound character^). 
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opposes this view on several grounds, in particular because pyrenoids 
which have temporarily lost their starch-sheath may produce a new 
one comprising a much larger number of grains than before. 


The starch-envelope is directly apposed to the surface of the 
pyrenoid, and the space between the two (fig. 9 G) shown in many 
of the published papers on Chlorophyceae is an artefact due to 
shrinkage of the pyrenoid under the influence of the preservative. 
Chmielevsky(o) was of the opinion that the starch-grains were 
deposited in the superficial substance of the pyrenoid itself, while 
Boubier (6) believed that there was a special layer around the pyrenoid 
in which the starch-grains were formed, but Czurdao?) failed to find 
any evidence of this. The individual grains are in direct contact with 
one another from the first, and with tew exceptions form a complete 
covering to the pyrenoid. As a consequence the number of grains 
in the envelope remains constant during their further enlargement, 
as well as during the growth of the pyrenoid itself. According to 
Czurda the individual grains of the envelope are often easily recog¬ 
nisable in the morning, but in the evening, after deposition during 
the hours of daylight, they are usually difficult to decipher. He 
((17) p. 182) doubts the existence of the continuous starch-envelopes 
that have frequently been reported, pointing out that such would not 
admit of any enlargement of the pyrenoid when once laid down; such 
envelopes are also improbable on optical grounds. 

The grains of the envelope appear to grow by apposition of layers 
on all sides, and their polyhedral form (giving the entire group the 
shape of a shell) is a result of the fact that free deposition can only 
take place on the external surface. It appears that during the division 
of a pyrenoid the two halves generally remain permanently covered 
by starch-grains which can only be effected by the formation of new 
grains m the same measure as the constriction deepens (fig. o O) 

Chmielevsky (9) and Timberlake(86) first expressed the opinion that 
portions of the pyrenoid itself became detached and underwem 
transformation into starch-grains, and this view has been supported 

Sri Thfr er °. f f subse r ent worker * (see e.g. (3) , (3 „> p. 278, (8) p. 475 
fmmTh h ! gra T S a ? opposed gradually to become separated 

from the pyrenoids and to furnish the general stroma-starch so that 

St 



68 


CHLOROPHYCEAE 


possess pyrenoids and those which lack them. The matter could 
probably best be settled by the observation of living material. 

Pyrenoids devoid of a complete starch-sheath have been recorded 
in a number of cases. Such polar pyrenoids are known in Acantho- 
sphaerai 34) (fig. 9 P) and Prasinocladusi 97) (fig. 9 L, L , S), in both 
of which a part of the pyrenoid-surface is left tree of starch. Of an 
analogous nature are the pyrenoids of Platymonas tetrathe/e (fig. 9 T), 
but here the pyrenoid itself shows a polar differentiation, since it is 
not spherical, but cup-shaped with the concavity directed anteriorily. 

Starch-accumulation is usually not confined to the neighbourhood 
of the pyrenoids, abundant mostly larger starch-grains being deposited 
during active photosynthesis in the general stroma ot the chloroplast. 
The starch-sheath of the pyrenoids possesses a greater degree of 
permanency than the stroma-starch which is always removed first 
under conditions of starvation. In certain Siphonales ( Ldotea , 
Derbesia neglecta , Dichotomosiphon , etc.) the starch is apparently not 
deposited in the discoid chloroplasts, but between them (fig. 9 R) 
(cf. (17), but see (25), (26)). In species of Caulerpa and L dotea Czurda 
((17) p. 200) was able to demonstrate special leucoplasts which alone 
function in starch-formation (fig. 9 V), and it is probable that they 
occur also in other Siphonales. On the other hand, in the colourless 
members of the Yolvocales ( Polytoma , etc.) the starch-grains appear 
to be formed in the cytoplasm itself (67,68). The fat-globules of 
Vaucheria and those occasionally occurring in other Green Algae 
appear to arise directly in the cytoplasm (84). In diverse Siphonales 
protein-bodies are found in the cell-sap (ct. pp. 375, 3 ^ 6 )- 

As regards the pigments in the chloroplasts the little evidence that 
is available(62) seems to point to their general similarity with the pig¬ 
ments in higher green plants. According to W illstiitter and Page(92) 
the yellow carotin and xanthophyll make up about one-third of the 
total pigments in Ulva , and there is rather more chlorophyll b than 
usual. Lubimenko(5*) finds that the total amount ol chlorophyll in 
Ulva and Codium is far less than in Phanerogams. Kylin(so) records 
in various Green Algae carotin and three different* modifications of 
xanthophyll, identical with those he finds in higher plants. 

Carotinoid pigments, however, also commonly occur outside the 
chloroplasts, especially in resting cells and in the terrestrial Trentepohlia , 
as well as in the eye-spots of motile stages (p. 33). I hese yellow- or 
red-coloured substances, known as haematochrome , are, according to 
Zopf(98) and Wisselingh(94>, represented by two or more carotinoid 
pigments (cf. also (50)). In many cases they occur dissolved in fat- 
globules. Senn(So) and Geitler( 33 > regard them as a food-reserve. 
According to Pringsheim( 6 5 ) the haematochrome in Sphaerella is 
formed when there is a deficiency in nitrogen (cf. also U>, 0o>, (59)). 
According to Steinecke ((826) p. 225) the frequent yellow coloration of 
Chlorophyceae in moorland pools is due to the abundant development 
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of carotins in the chloroplasts as a result of nitrogen-deficiency. In 
Chlorella miniata var. porphyrea Boresch(s) states that he has demon¬ 
strated the presence of phycocvanin and phycoerythrin in the 
chloroplasts. 


The Nucleus 

The majority of the Chlorophyceae have uninucleate cells, but a 
multi nucleate condition is seen in Cladophorales and probably as 
a preparation for the formation of reproductive units in several 
Chlorococcales, such as Chlorococcum and Hydrodiclyon. A multi- 
nucleate condition also obtains in the Siphonales which are best 
regarded as unseptate multicellular individuals. Hammerling( 3 6), 
however, states that Acetabularia mediterranea remains uninucleate 
until the reproductive period, the single nucleus of the older vegetative 
plant being of very large dimensions and sometimes lobed (fig. 10 D). 

There is little to indicate any very fundamental difference between 
the structure of the nucleus in the Chlorophyceae and in the higher 
plants. 1 In the resting condition the outer nucleus very commonly 
shows a great paucity of stainable substance, or at least no obvious 
chromatin reticulum (fig. io A, B, E, L); only minute grains of 
chromatin are commonly recognisable, usually lodged at the corners 
of a very faintly differentiated network. The nucleolus (//), on the 
other hand, is usually very conspicuous in such nuclei, appearing as 
a central caryosome (p. 28) that stains readily and deeply with nuclear 
stains (caryosome-nuclei) (cf. (.), < I3 >, ( 57 >, (5 s>, < 77) ,' (78) , < 8l) ). The 

older view that in such nuclei the caryosome contained the bulk of 

cf n T; 311 ". ° thC nUd f US L haS n ° W becn Poetically disproved 
cl. P- 28), and ,t appears that here also the chromatin is present in 

h, outer nucleus but. durin E the in.erphases, occurs in a “askcd 

«h* in n °i '! P ! mclcar s,ains ' Gcitler<„„, has shown 

hat m Spiroayra the nucleolus is plainly evident at a time when 

fig io r Nr 0meS 3re y We " differentiated >° C; cf. also 

resW inK i by the l Vailab,e ,itcralure il would seem that the type of 

found in U r CUS T| h a pr ° nOUnCcd chromalin reticulum is only rarelv 
fi,und m Greca AlgaeUo. 5J i. In such cases the nucleolus is us , v 

and d '" ,in “ "" h ~ 

examples are chosen. The full literature is cite^unT 0 , d'ustratn e 

A useful account of the older point of view is be fcund \n Z 



Fig. xo. Nuclear structure and nuclear division in Chlorophyceae. A, Chloro - 
chytrium grande , resting nucleus (after Bristol). B, C, Spirogyra (after 
Geitler); B, resting nucleus; C, late prophase. D, Acetabularia mediterranean 
nucleus of vegetative plant (after Hammerling). E-J, Oedogonium (after 
Kretschmer); E, resting nucleus; F, prophase; G, late prophase; H, transition 
to anaphase; I, early anaphase; J, late anaphase. K, Volvox aureus , metaphase 
(after Zimmermann). E-P, Microspora stagnorum (after Cholnoky); L, resting 
nucleus; M, early prophase; N, late prophase, differentiation of chromosomes; 
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side in closely related genera (e.g. Spirogyra and Zygnema , p. 319). 
It is probable that they are not sharply distinct, but that the two 
types are connected by intermediate stages. 

In the prophase of nuclear division chromatin-granules become 
increasingly conspicuous in the outer nucleus of the caryosome-nuclei 
and commonly become arranged to form a number of moniliform 
threads (fig. io C, M). The nucleolus at the same time generally loses 
its capacity to take up stains, although often persisting into late stages 
of the division-process (fig. io G, N) and in some cases it retains its 
full staining power for a considerable period. According to Maguitt (57) 
the nucleolus in Penium is ejected into the cytoplasm at the monaster 
stage and there gradually disappears. By degrees the moniliform 
chromatin threads contract to form the more homogeneous chromo¬ 
somes (fig. 10 F, G, N). The occurrence of a spireme stage is doubtful 
although recorded by some investigators. Spindles have not been 
observed in all cases, but that is more likely to be due to inadequate 
fixation than to their actual absence. Schussnig( 7 7) is of the opinion 
that m JJlothnx the nucleolus furnishes the material for the spindle 
which is here intranuclear as in many other cases (cf. fig. 10 T). 

The chromosomes are commonly short rods or even mere granules 
(1,11,28,37), and are usually not very numerous (fig. 10 N, S) Lone 
looped chromosomes are, however, known inter alia in Eremosphaera (S 8> 
and Oedogomum (47.88.93) (fig. 10 G-I), and in the former very 
numerous chromosomes have been reported. The cell-plate where 
1 occurs, appears as a rule to develop from the interior of the cell 
towards the periphery, its mode of formation being similar to that 
known for higher plants( S 4), but in a large number of Chlorophyceae 

hasihown that n r ^ * T dual ,' y dee P e " in g furrow. KaL,« 
has shown that in Conjugates at least nuclear division takes place 

record 6 H y v Am,totic division of the nucleus has been 

recorded in Valoma^D and is well known in Charales (p. 453). 

The presence of centrosomes has been recorded especially in Vnlvo 

Hartmann (38), a half-spindle is f T elo, ^ atum ' according to 
centrosome ^ 


(after Schussnig). S Kdtz " kinesis 

metaphase, centrosomes connected bv cent A* Hanatschek ): S, early 
arrangement of chromosomes at ,L,, e ^ m ° Se {ce) ‘ T * “nnular 

V, Spirogyra maxima, cell in section showinom'f v, he * pindle; anaphase, 
mond). c t centrosomes"; ^"nudeoli.’ mit °chondria («) (aft^r GuUlier-’ 
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passes to the other pole, after which the other half-spindle is formed. 
This mode of formation of the nuclear spindle is, however, unusual, 
and in the majority of cases in which a centrosome occurs it divides 
at the commencement of nuclear division and the two halves occupy 
the poles of the spindle (cf. (24), (96), and fig. 10 K). Centrosomes have 
been recorded in Cladophora glomeratadb ) and Vaucheria (.37 .48) 
(fig. 10 S, c), but it remains doubtful whether they are present in most 
advanced Green Algae. Various investigators have, however, reported 
the presence of one or more granules at the poles of the spindles in the 
anaphase, although they were not recognised in the earlier phases 
(Oi), (12), (77); cf. fig. 10 O). 

Meiosis has so far been studied in detail in very few Chlorophyceae 
and, as in other plants, is characterised by the occurrence of synaptic 
(fig. 10 Q) and diakinesis stages (fig. 10 R). 

Reproduction 

The methods of reproduction show great diversity. Many forms 
multiply largely by vegetative means; fragmentation into two or more 
pieces is common in colonial (e.g. Dictyosphaerium) and filamentous 
forms, while multiplication by ordinary cell-division is characteristic 
of Pleurococcus and Desmids. 

Asexual reproduction by zoospores is very widespread, but such 
swarmers are lacking in all Conjugales, as well as in many of the 
Chlorococcalcs, while it remains doubtful whether asexual swarmers 
are formed in the Siphonales (apart from Vaucheria). In most cases 
the cells producing zoospores are not differentiated from vegetative 
cells and specialised sporangia are rare (Trentepohliaceae). The 
zoospores are formed e : .her singly or frequently in some numbers 
from the cells; in the lat ter case they may arise as a result of successive 
division of nucleus and protoplast ( Ulothrix) or by cleavage of the 
latter following on previous nuclear division (e.g. Characium)^ The 
zoospores are naked and possess a more or less marked colourless 
beak at the anterior end from which the flagella, usually two or four, 
ariscr^Aplanospores (p. 41) are of frequent occurrence, both in forms 
normally producing zoospores (e.g. Chlorococcum, Microspora) and, 
as a permanent development, in many genera obviously derivable 
from zoosporic types (e.g. Chlorella and allied Chlorococcalcs). 

Sexual reproduction is found widely in practically all groups except 
the autosporic Chlorococcalcs. With the exception of the latter order 
and the purely oogamous Ocdogoniales and Charales, it is possible 
in each order to distinguish both isogamous forms and others showing 
a more or less marked degree of anisogamy, often amounting to 
oogamy. The latter condition has been attained by certain Chlamydo- 
monadineae, Cylindrocapsa , Sphaeroplea, Chaetonema , Co/eochaele, 
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Oedogoniales, Vaucheriaceae. and Charales. In general the ooeamous 
representatives of the filamentous series occupy a rather isolated 
position and are not easily related to the other members of their 
groups. 

Until recently it was thought that it was characteristic of the 
oogamous Chlorophyceae that the ovum was invariably fertilised 
in situ , but two exceptions (Chlorogonium oogamum. p. 11 ^; Chat to- 
ncma irregulare, p. 266) are now known in which the ovum is dis¬ 
charged prior to fertilisation. The product of sexual fusion, except 
in the Ulvaceae and Cbdophoraceae with isomorphic (homologous ) 
alternation, is almost invariably a thick-walled resting spore which 
sinks to the bottom of the piece of water and, if the latter dries up, 
may be dispersed by the wind. 

Much of our recent knowledge of the details of reproduction of the 
Green Algae has been obtained by the method of pure culture 
(cf. especially (66) and p. 1S1). A very large proportion of the Chloro¬ 
phyceae are haploid, reduction occurring in the germinating zygote 
and all the oogamous types show a life-cycle of this kind. Homologous 
alternation of two identical phases (sexual and astxual) is known in 
a number of L lvaceae and Cladophoraceae. w hile the w hole of the 
Siphonales, apart from the Vaucheriaceae, appear to be diploid, with 
reduction division occurring at the commencement of gametogenesis. 
Some of the Chlorococcales are possibly also diploid (cf. p. i^). 

Classification and Status of the Chlorophyceae 

The grouping of the Chlorophyceae here adopted is based on the 
same principles as are followed in the classification of the remaining 
algal classes, and the first two orders have their parallel in most of 
the other classes treated in this volume. The diversity of simple 
filamentous forms, however, necessitates a greater degree of sub¬ 
division than is required elsewhere. It is believed that the charac¬ 
teristics of the Chlorophyceae are most clearly brought out, and 
illuminated from a comparative morphological standpoint, by con¬ 
sidering them under the follow ing nine orders 1 which are here brieflv 
characterised : 

* oit ocales. Unicellular or colonial, cither motile throughout life 
( 'hlamydcHnonadineae) or forming sedentary colonies of a palmelloid 
i etrasporineae) or dendroid (Chlorodendrincae) type, the individual* 
0 readily revert to a motile condition. Mainly freshwater. 

- Chlorococcales. L nicellular or colonial, motionless in the ordinarv 

IS the same classification as that adopted in the second edition of 

r res mutter Alg. fte(«o), except that the C ladophorales are treated as a 

separate order. 
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vegetative condition and either reproducing by zoospores or by 
aplanospores. Almost exclusively freshwater. 

III. Ulotrichales. Filamentous, the plant-body consisting of a simple 
unbranched filament or cellular expanse, with small cells and a parietal 
(Ulotrichineae) or an axile stellate (Prasiolineae) chloroplast; or of a 
simple filament with large multinucleate cells (Sphaeropleineae). Most 
genera isogamous. A certain number marine. 

IV. Cladophorales . Filamentous, the plant-body consisting of a 
simple or much branched filament with large cells containing from two 
to many nuclei and often elaborate chloroplasts. Most genera iso¬ 
gamous. Freshwater and marine. 

V. Chaetophorales. Filamentous, plant-body heterotrichous, often 
sharply differentiated into prostrate and projecting systems, though the 
latter often reduced and the former developed as a pseudoparenchy- 
matous discoid expanse; in many genera hairs of diverse kinds are 
developed, though these are not an invariable rule. Most genera 
isogamous. Largely freshwater. 

VI. Oedogoniales. Filamentous, threads simple or branched, 
zoospores multiflagellate, oogamous; division of cells characterised by 
intercalation of strips of membrane between the two parts of the 
mother cell-wall. Exclusively freshwater. 

VII. Conjugates. Unicellular or colonial (and then generally 
filamentous), or filamentous, usually with elaborate chloroplasts. No 
motile stages. Reproduction by cell-division and conjugation of 
amoeboid gametes. Exclusively freshwater. 

VIII. Siphonales . Filamentous, the threads without septa, or 
vesicular, or elaborately differentiated, sometimes with a peculiar type 
of division (segregative division), all parts coenocytic, calcification 
frequent. Chloroplasts numerous and discoid. Reproduction in¬ 
adequately known in many cases, but probably in the main sexual and 
isogamous, the Vaucheriaceae oogamous. Mainly marine. 

IX. Charales. Plant-body markedly differentiated, with whorled 
arrangement of laterals of limited growth and segregation into nodes 
and internodes, sometimes with cortication. Chloroplasts numerous 
and discoid, cells normally uninucleate. Reproduction vegetative and 
sexual with elaborate oogonia and antheridia. Germination of zygote 
indirect. Freshwater and brackish. 

As regards the status of the Chlorophyceae it should be emphasised 
that there are no evident affinities with any of the other algal classes. 
By contrast to the great range of simple forms, it is noticeable that 
the members of this class have not attained to any high degree of 
somatic development and, in this respect for instance, fall far short 
of the differentiation reached by the marine Phaeophyceae and 
Rhodophyceae. Indications are not lacking, however, of the existence 
of the potentialities for such higher development, cf. for instance 
Draparnaldia and Draparnaldiopsis (p. 253), the Charales (p. 447), 
and the Siphonales (p. 369). The opinion has been expressed ((15) 
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p. 8) that many of the simpler Chlorophyceae of freshwaters are 

reduced from forms with a higher somatic development, but no 

confirmation is to be obtained for this on comparative morphological 

grounds (cf. also (2*>). There is evident a very definite upgrade 

development and forms, which appear advanced in vegetative features 

very often also display indications of advance in their reproductive 
processes. r 

In their marked terrestrial tendency (29.3.), in their evident plasticity 
arid capacity for development in the most diverse directions, no less 
than in the pigmentation of their chloroplasts and the general course 

dLrPnH n ; etabol, f m > the Chlorophyceae stamp themselves as the 

o“X,° f ,he formS fr ° m " hiCh ,he hi ^ h ' r «**« plants 
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Order I. VOLVOCALES 

The Volvocales comprise unicellular and colonial Green Algae, either 
motile throughout their vegetative existence or readily resorting to 
the motile phase. Many of them possess a simple structure and are 
relatively unspeciahsed. They exhibit numerous points of contact 
among one another, so that with the continual discovery of new forms 
it seems likely that the group will eventually embrace almost every 

In n n!T a ,K C mod, * c , aUon of the sim P le unicellular motile organisi/ 
? ther . P 31 ? 1,e]1 g rou P’ savin g Perhaps the Chrysomonadineae’ 
s there such a bewildering diversity of simple types. The various 
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members of the \ olvocales fall more or less clearly into three sub¬ 
orders—the motile Chlamydomonadineae, the palmelloid Tetra- 
sporineae, and the dendroid Chlorodendrineae. 


(a) THE MOTILE FORMS (SUBORDER 
CHLAMYDOMONADINEAE) 

The vast majority of the Chlamydomonadineae at present known are 
inhabitants of freshwater. The most usual habitats are small stagnant 
pools, although a number of Chlamydomonadineae occur in the 
plankton of lakes and several are not uncommon in that of slower- 
flowing rivers. Some, however, are clearly capable of existing in 
.Saline waters; thus, Artari(s) states that Chlamydomonas Ehrenbergii 
occurs in thesaltlakesof the Crimea, while Dunaliella is normally found 
in concentrated saline pools in the neighbourhood of the sea. Quite 
a number (e.g. species of Chlamydomonas , Medusochloris, Cymbomonas) 
are truly marine, and, according to Schillero84), Yolvocales are 
probably abundant in marine plankton, although the colonial type 
appears to be very rare. 

A considerable number of the .freshwater forms are marked sapro¬ 
phytes, thriving only when photosynthesis is supplemented by 
organic food; this is shown by their ordinary occurrence in nature, 
as well as by diverse investigations of their development under cultural • 
conditions (<s>. (6), <91), 024), (193) p. 510). Sphaerella, however, is in 
the main autotrophic <165). Artari ((5) p. 463) has suggested that the 
Chlamydomonadaceae may be used as indicators of the degree of 
pollution. When abundantly represented, Chlamydomonadineae may 
impart a green colour to the water and some of them give it an un¬ 
pleasant odour and a distinct oily taste (224). A number have been 
recorded from soilsd7.91.1s9.173). 


Unicellular Forms 

Chlamydomonadaceae. A relatively primitive type of construction is 
probably exemplified by some members of the genus Chlamydomonas 1 
(fig. 11), of which, in a recent survey, Pascher (d47) p. 173) enumerates 
nearly 150 species. The individuals are most usually spherical or 
oblong in form, although other shapes (ovoid, pear-shaped, etc.) are 
by no means rare. The wall is mostly thin, but in a number of species 
(e.g. C. gloeocystiformis, fig. 11 D) it is differentiated into an outer 
firmer and an inner more mucilaginous portion (m), so that the 
protoplast appears separated by a more or less wide interval from the 
bounding membrane (cf. Sphaerella , p. 83). The membrane in the 

1 See (39), <42), (46). (49), (72-4), (98), (226). 
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motile stages is stated to contain hemicelluloses, but no true cellulose 

v 1 ^) p* 523). 

The two equal flagella always arise anteriorily, usually from a 
distinct protoplasmic papilla (fig. n D, b). In some few cases this 

mTmh d,re K Ctly t0 the extenor through a narrow aperture in the 

« - 

thickening of the membmne (HamwarzT) '(fig 

Fischer (m „J Fefe^s^ .hTlr;. ' S5“" ! ; *•“■*■« » 
allies consisr^fTlhicker basal nnrfinn , C/lle * m y do ™ onas and its 

S352i2r^g situated 
flagella^ (fig' I 

baXS'ontg “ 

in many Volvocfies, and if trill be con' S k '" d ° f cl ? loro P last are found 
to designate this briefly sThe cl/nlT™ “ thc f °“°»i"g matter 
■he anterior part of "he chlorofef 0 " 0 "^ In SO ™ cases 

ridges, giving a stellate outline when the^M^^i W,t - h ,on g‘ tudi nal 
the front end (e.g. C. SteiJSjZ „ B') I„ n ? P V*®"* from 
the pyrenoid is lateral, the chlfronl^r l i 9 a . n . umber of species 
(C. parietaria, fig. ZI £) or beina ™ ‘ he ^ remaining basin-shaped 

(C. mucicola, fig 8 „ G). Species”^ theUtt? ‘° °" e l ide of * h <= “II 

grouped as a separate genus Chlornon * n t ^ >C> have been 

dorsiventrality of the cell, the s^de nToc/°''u’V may ShoW some 
being more or less markedly flattened <C / IC<1 by £ the chl °roplast 
uncommonly more than one pyrenofd ‘^ & 11 *)■ Not 
number of species (Amphuhloris) are , Thus a cert ain 

of an anterior, as well as of the usual ®J“ f ”^ cnsed b y the presence 
m such cases the anterior one usually' Pyrenoid (fig. „ C); 

h (C d ler? { the chlor °P ,ast which may y be vTrTm J ansve «e 

(C.pertusate) p. 277) (fig. Ix j\ y ^ massively developed 

(T ttere t a th C e° n ch1ompi e Tfc™ ° f pyrenoids 

(genus Chloromonas ta«); some species tf Ah !* CO " lpletel y lacking' 

’ Wollen„eber ta „ ha, descr.bed ^ HaVe “ reti “'atf 

e latter are al„, y , lacking ta £ contractile vacuole,. 
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Fig. ii. Cell-structure within the genus Chlamydomonas. A, C. angulosa 
Dill. B, B', C. Steinii Gorosch.; B', optical transverse section. C, C. Kletmi 
Schmidle. D, C. gloeocysliformis Dill. E, C. parietaria Dill. F, C. grandts 
Stein, anterior end. G, C. mucicola Schmidle. H, C. bicihata Korschik. 
I C. elegans West. J, C. pertusa Chod. K, C. sphagnicola Fritsch & Takeda. 
L C. viridemaculata Pascher. M, C. reticulata Gorosch. N, C. multitaemata 
Korschik. O, Tussetia polytomoides Pascher. P, C. eradians Pascher. K, 
C. caudata Wille, the upper individual shows an aplanospore. a, aplanospore; 
b beak of protoplast; c, chloroplast;/, flagellum; h, Hautwarzc; m, mucilage 
of wall; n, nucleus; o, oil-drops; p, pyrenoid; s, stigma; r, contractile 
vacuole. (A, D-F after Dill; B. H. L, O, P after Pascher; C G after Schm.d e; 
I after West; J, N after KorschikofT; K after Fritsch & Takeda; M after 
Goroschankin; R after Wille.) 
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chloroplast (C. reticulata , fig. n AI) or numerous small discoid 
chloroplasts (C. alptna Wille). A rather exceptional type, lastly, is 
seen in the subgenus Agloe( 139), where the chloroplast is H-shaped 
in optical section, the single pyrenoid being located in a median 
position in the cross-bar of the H (fig. 11 H). In C. arachne and 
C. eradians (fig. 11 P), which Pascher(iso) regards as extreme types 
of this section, the chloroplast is axile and almost stellate. 1 

The single nucleus usually lies centrally or rather nearer the anterior 
end; in Agloe it is more posterior in position. According to Pascher 
(O47) p. 39) volutin is nearly always found in the cells of the Volvocales 
in the shape of rounded, highly refractive masses, commonly located 
near the nucleus (cf. also (a«*> p. 639). 

The biflagellate Chlamydomonas is paralleled by the quadriflagellate 
Carteria(42 ,which shows analogous variations in the chloro¬ 
plast. Thus, while the bulk of the species have the chlamvdomonad 
type (fig. 12 A), the pyrenoid is lateral in C. obtusa Dill with a basin¬ 
shaped and in C. Dangeardii (fig. 12 D) with a lateral chloroplast 
(Dangeard s(4.) genus Corbierca). C. cocci/era Pascher has numerous 

p /™° ,da ’ s P ecles C. caudala (fig. ra C) have none. The subgenus 
Agloe finds its parallel in the quadriflagellate Pseudagloe. In C. poly- 

cnlorts (fig-12 B) there are numerous discoid chloroplasts. Several 

> arteri Z "V? ,ike S P ecies of Chlamydomonas, except for 
the different number of flagella, that a close relation between the two 

wouTd 0 beon 3 „rer«t A COmpariso " ° f chromosome-numbers 

.oJethTwirh r*/ UeS ‘]° n t0 dCSCr j^ a " tHe nUmerous forms included, 
together with Chlamydomonas and Carteria, in the family Chlamvdo 

monadaceae and a few examples must suffice. In Pascher’s Spiro- 

f ° r 3 ° f of Chlamy. 

of specific variability, such characteristics'^ "sha™^^ a f°j ls,derable range 
of development of the apical papilla and details P ,f ° f ceI1> fonn and deRree 
of chloroplast, position of eye^spoi etwhljl l structure (shape 
Forms appear according closely with other mod ‘fications. 

which should therefore according to Moewus’ view beV^H *i° f a' he gCnus 
out on p. 181, the fact that a given species ..n 1 b cancelled. As pointed 
may assume the characteristics of some orK d ar ' ed conditions of culture 
habitat, cannot be reSrdS^sa Sp f ec ! es de L scribed fr °ni a natural 
dependent form. WhifeI fo r from*, 5 °°*- that * he latter is not an in- 
domonas may not include a number of ill foSS"? ^ ^ F enUS Chlam >- 
merged in others, it would be neccssarv nded spec,e f which should be 
in a natural habitat can by appropriate cuhuraT ! UC u h Species collected 
the j characteristics of the species in which th methods b ® made to assume 
find that such a species as C media wkth so re^hS *** Whe " 

investigated experimentally over a consider-ihL. o ^ an ° bserVer as Klebs 
marked indications of variability, is to^e mero! 5 °^ W,th °“' 1 re P°rting any 
fluctuating character under cultural condhi™ 8 d anolher with such a 
the validity of Moewus’ conclusions. ’ ° ne fee S ,nclined to doubt 
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Fig. 12. Types of Chlamydomonadaceae. A, Carteria cordiformis (Carter) 
Dill. B, C. polychloris Pascher. C, C. caudata Pascher. D, C. Dangeardii 
Troitzk. E, Cymbomonas adnatica Schiller. F, Lobomonas rostrata Hazen. 
G, H, H\ Scherffelia phacus Pascher; H, diagram of half an individual; 
H' t cross-section. I, Hyalogomum acus Pascher. J f Platymonas tetralhele 
West, the individual on the right in side-view. K, L, Brachiomonas Westiana 
Pascher; L, the same seen from the anterior end. M, Scourfieldia complanata 
West. N, Chlorogomum tlongatum Dang. O, Sphaerellopsis fluviatilis Pascher. 
P, Tetrablepharis multifdis (Klebs) Wille. Q, Spirogomum chlorogomoides 
Pascher. R, Carteria multifUis Fres., anterior end. S, Carteria sp., flagellar 
structure. T, ChJoroceras cormferum Schiller, a, starch-grains; c, chloroplast; 
m, mucilage of wall; n, nucleus; p , pyrenoid; s, stigma; v, contractile vacuole. 
(A, R after Dill; B-D, G, H, P, Q after Pascher; E, T after Schiller; F after 
Hazen; I, O after Korschikoff; J-M after West; N after Dangeard; S after 
Petersen.) 
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goniumi 147) we have a fusiform Carteria with a slight spiral twist 
(fig. 12 Q). Platymonas (. 123.*23.*34), which also occurs in the sea, has 
a flattened cell showing some dorsiventrality, although the chloroplast 
is chlamydomonad in type (Hg. 12 J). Scherjfelia (3 3.34.139), likewise 
quadriflagellate, shows greater modifications. The cells (fig. 12 
G, H) are strongly flattened and the membrane may be extended into 
wings at the sides of the cells, whilst at the anterior end it is produced 
into two wart-like outgrowths between which the four flagella arise. 
There are two lateral chloroplasts without pyrenoids, but they are 
sometimes connected by a delicate basal bridge which no doubt 
indicates an origin from the normal basin-shaped type. In Schiller’s 
Cymbomonas ((.83) p. 626, (.84) p. 1x3) (fig. 12 E) the four flagella are 
inserted at one corner of the somewhat emarginate anterior end; the 
chloroplast being of the chlamydomonad type or segregated into a 
number of discs. 


In the biflagellate series flattening of the cell is seen in Scourfieldia 
(2X5.222) (fig. 12 M), Phyllomonas (no), and Pascher’s Platychloris (« 47 ), 
the last a minute nannoplankton form with a tiny plate-shaped 
chloroplast, often more or less lateral in position and lacking a pyrenoid. 
Both in it and in Scourfieldia the flagella are of great length compared 
with the small dimensions of the cells. In the latter genus the posterior 
end is directed forwards during movement. 

Lobomonas (42.85. «.o) (fig. i 2 F) and Brachiomonasu1.t4.u1) (fig 
12 K, L) have cells which are provided with lobes or protrusions. In 
the former the cells are ovoid and have a relatively thick wall provided 
with a number of blunt solid processes. The cells of Brachiomonas 
bear one posterior .and usually several anterior backwardly directed 
hollow horns into which the chloroplast may or may not extend. The 
chloropkst ,s not always dearly defined. Chlorocerasu 86), in which 
the body is likewise lobed, has only a single flagellum (fig. i 2 T). 

eufXtVth T™ 6 ' • A | ^ th , er d ‘ fferent type of cell-structure distin- 

mduded m fam,I y Sphaerellaceae. The cell-wall 
of SphaereUa (Haematococcusy (fig. 13 A, B) is strongly thickened 

and gelatinous and is usually traversed by simple or branched processes 
extending from the protoplast up to the firmer bounding layer of the 
membrane The chloroplast in 5 . lacustris (fig. , 3 A) is sometimes 
distinctly basin-shaped, though often appearing as a more or less 

extending* . l d ^ dned ’ Peripheral structure, provided with processes 
extending into the protrusions of the cytoplasm. There are commonlv 

i>ee (9), (83), (,57)1 (174), (190), (a 3 ,), (237). 
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portion of the wall (cf. fig. 6 A). The contractile vacuoles are often 
numerous and apparently quite irregularly distributed near the surface 
of the protoplast. The cells are commonly coloured red by haemato- 
chrome in the cell-sap (92.130,165), its presence apparently depending 
largely on nitrogen-deficiency in the surrounding medium. 



Fig. 13. Structure of the Sphaerellaceae. A, Sphaerella lacustris (Girod.) 
Wittr. B, S. Butschhi Blochm. C, Pteromonas angulosa (Cart.) Lemm., 1 
flagellar structure. D, Sphaerella droebakensis Wollenweb., hypnospore. 
E—H, J, K, Stephanosphaera pluvialis Cohn; E, 8-celled coenobium; F, 
gamete; G, fusion of same and zygote; H, later stages of zygote; J, zygospore; 
K, 8-celled coenobium producing gametes, some of which are copulating. 
I, Sphaerella lacustris , palmella-stage with cysts. h 9 haematochrome; 
n 9 nucleus; p, pyrenoid; s t stigma. (A after Reichenow; B after Blochmann; 
C after Petersen; D after Wollenweber; E-H, J, K after Hieronymus; I after 
Wollenweber from Oltmanns.) 


1 This is not one of the Sphaerellaceae. 
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The differences compared with Chlamydomonadaceae are suffi¬ 
ciently striking, but at the same time it must be realised that there is 
no hard and fast line of demarcation. Gelatinisation of the wall is 
not uncommon in species of Chlamydomonas (fig. 11 D) and Carteria 
(C. Fritschii (ai6>) and in Korschikoff’s Sphaerellopsis ((no), (156) p. 278) 
(fig. 12 O) this is much more marked, although in other respects this 
genus conforms to the type of the Chlamydomonadaceae. Young 
individuals of Sphaerella may have quite a delicate close-fitting wall 
and are not always easily distinguished from a Chlamydomonas. 
Chlorogonium, 1 which has not uncommonly been referred to Sphaerel- 
laceae, while possessing quite a thin membrane, has species (e.g. 
C-. euchlorum Ehrenb.) with a parietal diffuse chloroplast containing 
a number of scattered pyrenoicfs and with numerous scattered con¬ 
tractile vacuoles. Other species (e.g. C. elongatum , fig. 12 N),, 
however, possess only one or two pyrenoids in the chloroplast and 
two anterior contractile vacuoles. The elongate often almost needle- 
shaped form of the cells of Chlorogonium may be responsible for some 
of the peculiarities of its cell-structure. There is thus considerable 
likelihood that the Sphaerellaccae are to be regarded as representing 
a specialised type derived from the chlamydomonads (047) p. 72). 

Polyblepharidaceae. A third scries of forms, the Polyblepharidaceae, 
are quite an artificial assemblage characterised by the absence of a 
cell-membrane and the faculty of change of shape of the protoplast 
which goes hand in hand with it. This family has in the past been 
regarded as primitive and as nearly allied to the unknown “ flagellate ” 
stock from which the Chlorophyceae originated, but it has become 
increasingly evident that this point of view cannot be maintained and 
that the naked character of the Polvblepharidaceous cell is to be 
regarded as secondary and that most of the forms in question at least 
are specialised rather than primitive (d 4 7> p. 71, (58) p. 106). This is 
indicated by the frequent complexity of form, the common presence 
of unusual numbers of flagella, and the demonstration that sexuality 
(cf- belo ' v ) 'f™ uncommon. The number of flagella is recorded as 
5 -8 in / olyblepharides (fig. , 4 A). 5 in Chloraster (fig. i 4 K). 4 in 
Pyram,monas ( fig. 14 F), Spermatozopsis (fig. i 4 G) and Medusochloris 

. C) ;. 3 ,! n 1 nchhns (‘>R- H I). 2 in Phyllocardium 0.3) (fig. 14 O) 

and Dunahella (fig 14 B) In the last-named gcnus< 7 .77.2.7) and the 
little-known Polyblephandes (<jo) p. 152) (fig. i 
to be of the normal chlamydomonad type, the 
14 B) commonly showing a median waist ai 
haematochrome, which according to Tabbedu 
in media of high concentration.- The varying 
Polyblephandes is possibly, as Pascher ((.47) p. 


4 A) the cells appear 
>se of Dunaliella (fig. 
nd often harbouring 
>) develops especially 
number of flagella in 
89) suggests, due to 


1 

2 


See (39) p. 114, (42) p. 79, (80), (,, S ), ( lvo) p . 348> (2og) 
bciacchitano(i 9S ) also records colourless individuals. 



86 


VOLVOCALES 



Fig. 14. Types of Polyblepharidaceae. A, Polyblepharides singularis Dang. 
B, Dunaliella saliva Teod. C, Medusochloris phiale Pascher. D, I, Trichloris 
paradoxa Scherffel & Pascher; D, individual from the ventral surface; 
It from the side. E, Pyramimotias delicatulus Griff. F, J, P. tetrarhynchus 
Schmarda; J, cyst. G, Spemiatozopsis exultans Korschik. H, Davgeardinella 
saltatrix Pascher. K, Chloraster gyrans Ehrenb. L, Pocillomotias flos aquae 
Steinecke. M, Polytomella agilis Aragao. N, Fur cilia lobosa Stokes. O, P, 
Phyllocardium complanatum Korschik.; P, from the anterior end. Q, Ulo~ 
chloris oscillans Pascher. a , starch-grains; b t backwardly directed flagella; 
c t chloroplast; /, lateral flagella; n % nucleus; p , pyrenoid; s t stigma; r, con¬ 
tractile vacuole ; vo , volutin. (A after Dangeard; B after 'Feodoresco; C, D, 
H, I, Q after Pascher; E after Griffiths; F, J after Dill; G, O, P after Korschi- 
koff; K after Stein; L after Steinecke; M after Doflein; N after Skuja.) 
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their early multiplication prior to division, and this form may be 
actually tetrakontan. In that case Polyblepharides is a naked form 
related to Carteria, while Dunaliella is a naked ally of Chlamydomonas. 

In Pyramimonasd6.49.6s.75) (fig. 14 E, F) the cells are inversely 
pyramidal or heart-shaped and more or less lobed towards the broader 
anterior end. The chloroplast is fundamentally basin-shaped with a 
median pyrenoid (/>), but it is commonly divided into four more or 
less bifid lobes in front, whilst short lobes are directed posteriorily (65). 
Spermatozopsts (107) (fig. 14 G) has narrow and elongate cells curved 
in a sickle-shaped manner, the body at the same time exhibiting a 
more or less marked spiral twist; the chloroplast is a curved plate 
situated on the convex side of the cell and is devoid of a pyrenoid 
bometimes there are only two flagella. 

The dorsiventrahty evident in Spermatozopsis is more marked in 
two other genera described by Pascher. The cells of Trichloris 
(dp) p. 103) (fig 14 I) are strongly convex on one surface, while the 
other is flat or faintly emarginate. The chloroplast (c) occupies the 

no3 X dorsa ! surf = c e and is provided with two symmetrically dis- 
nnrii fl y 7 n<>, ? S \ P) ’ T hC tHl i ee flagella are inserted in a shallow furrow 
end of VCI ? SUrf3 ^: 3 httIe behind the b,untl y rounded anterior 

55 pcrr. xJ£ 

tion of loose colonies (cf. p. 96). CIXSt 3 S ° °' N,ng to the forma- 

<% s,, .4 s* .*• 

■he flattened cell ,o conMi'i »' „du ' *° cith " «“"!■ of 

ttps of these flagella (*, project posted 
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is Medusochlorisi 144) (fig. 14 C), recorded from small pools in the Baltic. 
Here the cell has the form of a hollowed hemisphere with four processes, 
each bearing a flagellum at its lower edge. A lobed plate-shaped 
chloroplast (c) devoid of a pyrenoid occupies the arched convex surface. 
The four flagella dangle in the water like the tentacles of a Medusa, 
movement being mainly accomplished by rhythmic alterations in shape 
of the protoplast during which the hemispherical body alternately 
expands and contracts. 

Steinecke’s(2io) Pocillomonas (fig. 14 L) with 5-9 (usually six) 
flagella arising from the emarginate anterior end, differs from other 
Polyblepharidaceae in possessing discoid chloroplasts (c) which are 
arranged radially in the peripheral cytoplasm of the lower part of the 
cell, while the central nucleus (/;) is surrounded by a cluster of rounded 
starch-grains (a). There is no pyrenoid. The formation of starch outside 
the chloroplasts is remarkable. 

Phacotaceae. Another artificial family is furnished by the Phaco- 
taceae, in which the usually naked individuals are surrounded by a 
thick, often specially differentiated envelope, generally separated from 
the contained protoplast by a more or less wide space. This encapsuled 
type is paralleled among Chrvsophyceae and Euglenineae. The 
envelope is mostly strongly calcified and is often brown-coloured 
owing to infiltration with iron-compounds. The cells have the normal 
chlamydomonad structure. 

In Coccornortas (34.20V) (fig. 15 A, J) there is a cell-wall in addition 
to the more or less globular or angular envelope which is composed 
of a single piece and has a wide anterior aperture through which 
protrudes the papilla from the base of which the two flagella arise. 
The incrustation is first deposited in the form of rods or granules 
(fig. 15 A, r), but gradually spreads and ultimately forms a uniform 
layer. Dysmorphococcusuoa. no. 214) (fig. 15 I, K) is similar except for 
the irregular shape of the envelope and the presence of two flagellar 
apertures; the protoplast appears to be naked. 

In the remaining Phacotaceae the envelope is markedly flattened 
and composed of two valves which are fitted together edge to edge 
like two watch-glasses; the protoplast is also usually compressed. The 
individuals of the common Phacotus lenticularis (<i»), (42) p. 1 18, Uoy)) 
appear rounded when seen from the broad surface (fig. 15 F, II) and 
biconvex when viewed from the side (fig. 15 G), the edges of the valves 
possessing somewhat thickened rims. There is a wide space between 
protoplast and envelope. In Pteromonas <70. 19ft.222.223) (fig. 15 N-P) 
the envelope is broadly winged in the plane of junction of the two 
valves whose joined rims form a straight or slightly curved suture; 
the protoplast is often in close contact with the envelope at various 
points. 


s 
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Colourless Unicellular Types 

Pascher(i47) has described a number of species of Chlamydomonas 
(C. basistellata, C. viridemaculata, fig. 11 L) in which the chloroplast 
occupies only a small part of the cell and suggests that in such cases 
it is in course of reduction; similar forms are stated to occur in 
Carteria ((147) p. 139). Tetrablepharis (228) (fig. 12 P) is a closely 
related colourless type in which a pyrenoid-like body (/>) is still 
located in the posterior half of the cell. The common saprophyte 
Polytoma (fig. 6 C) 1 is a colourless parallel 2 to Chlamydomonas, 
lacking all trace of a chloroplast, but still producing starch in abun¬ 
dance, as well as volutin (96); the formation of starch commences 
primarily at the posterior end of the cell(i6 7 ). 3 Finally in the genus 
Tussetia ((147) p. 394) (fig. 11 O) the colourless cells harbour only fat. 
This series of forms seems to show the manner of derivation of the 
numerous colourless types known among the Chlamydomonadineae, 
a considerable number of which, like Polytoma, although devoid of 
a chloroplast, still show the capacity to produce starch ((38) pp. 134, 
203, (14a)). 

A few examples must suffice to illustrate the range among these 
colourless forms. Apart from those already mentioned which all 
belong to Chlamydomonadaceae, attention may be drawn to Hyalo- 
gonium (d4 7 ) p. 393) (fig. 12 I), a colourless parallel to Ch/orogonium, 
and I'urcilla (fig. 14 N), a genus formerly included in the Proto- 
mastigineae, a class of colourless Flagellates. Furcilla has flattened 
biflagellate cells, produced into two processes posteriorly. Skujados) 
has described a form of F. lobosa Stokes showing traces of a reduced 
chloroplast and provided with a stigma. This form is believed to be 
naked, but there is some doubt about this point, and it is not unlikely 
that Furcilla is a colourless member of Chlamydomonadaceae. 

There are, however, quite a number of undoubted naked colourless 
types referable to the Polyblepharidaceae. The quadriflagellate 
Polytomella( 3 .s°.si.<> 7 ) (fig. 14 M) is a naked parallel to Tetrablepharis 
(cf. fig. 12 P). Hyaliella (155) is very like a colourless Dunaliella. Both 
Polytomella and Hyaliella contain abundant starch, while the former 
also possesses an eye-spot. Pascherdss) is of the opinion that the 
genus Co/lodictyoru&.i<>.i 7 S), at present classed among the Proto- 
mastigineae, is another colourless member of Chlamydomonadineae 

1 See (29), (44), (52), (54), di6), (166), (168), (171), (172). 

2 The colour is commonly yellowish which, according to Pringsheim and 
Mainxd68), is due to the presence of carotin and xanthophyll, although no 
plastids occur. 

3 Jameson(03) has described a somewhat similar form under the name of 
Parapolytorna-, here, however, the front end shows an oblique emargination 
and the food-reserve is not starch. 
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which has advanced in the direction of holozoic nutrition. The same 
authority ((144a) p. 51) has recorded a colourless amoeboid form, 
Gametamoeba, which periodically assumes a palmelloid condition, 
from the spherical cells of which biflagellate gametes are produced. 
These give rise to the usual thick-walled zygospore of Chlamydo- 
monadaceae. Such cases are comparable to similar ones among 
Chrysophyceae (p. 534) and Dinophyceae (p. 704). 

Colourless types are also represented among Phacotaceae by 
France’s Chlamydoblepharis (( S 4) p. 362) (fig. 15 Q), which is parallel 
to Coccomonas, and, like Polytoma, harbours numerous starch-grains 
in its protoplast. 

If one surveys the diverse unicellular organisms that have been 
considered in the previous pages, Chlamydomortas emerges as a central 
and primitive type which not only exhibits many specialisations 
among its own species, but is recognisable in a more or less derived 
form in many of the other genera. What has above been called the 
normal Chlamydomortas- type indeed represents the most primitive 
green alga of which we have any knowledge. That the same type 
appears in a tetrakontan modification is of interest in view of the 
frequent occurrence of quadriflagellate swarmers in other series of 
the Green Algae. There is little doubt that the families Polyblephari- 
daceae and Phacotaceae will sooner or later have to be dismantled and 
tneir members distributed according to their true affinities. 


Asexual Reproduction among the Unicellular 

Chlamydomonadineae 

The ordinary method of reproduction is by simple division which 
always takes place along a longitudinal plane. This is most clearly 

?"T g thC naked Po, y ble P ha ridaceae, in which separation 
of the protoplast into two halves is effected by a gradual constriction 
commencing at the back and front ends, th e g process of fis^on 

nerinT , ?H m ?. re rap,dl , y fr ° m the P osterior Pole (%• 16 B, D) The 
periplast divides simultaneously with the rest of the protoplast and 

In the forms provided with a definite cell-wall the division-process 
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Fig. *6. Asexual reproduction of the unicellular Chlamydomonadineae. 
A, B, Pyramimonus tetrarhynchus Schmarda, successive stages of division. 
C\ Dunaliella sal inn Tcod., dividing individual. D, Pyramimonas delicatulus 
Griff., the same. E, F t Brachiomonas Westiana Pascher, division stages 
(autospores) seen from two aspects. G-M, Chlamydomonas angulosa Dill, 
successive stages of division into four. X, C. Braunii Gorosch., young 





ASEXUAL REPRODUCTION (UNICELLULAR FORMS) 93 

is somewhat modified. In the first place the new individuals always 
form new flagella of their own. The parent individual may remain 
motile during division ( Brachiomonas , fig. 16 E, F, Sphaerella, 
Polytoma), hut in the hulk of the species of Chlamydomonas, for 
instance, the flagella of the parent are already cast off or withdrawn 
prior to division. The cell-wall of the parent is likewise discarded 
after division and each individual secretes a new envelope. This is 
usually formed before liberation, but in a few cases the new in¬ 
dividuals are at first naked (<i47> p. 42). 

The plane of division is always longitudinal (fig. 16 G, H), but in 
many cases the protoplast either during (e.g. C. Braunii ), after 
(C. angulosa, fig. 16 J, K), or even prior to division (e.g. Polytoma, 
Sphaerella), rotates through a right angles. 13s. 174), so that the plane 
of division comes to be transverse to the cell as a whole, although 
still longitudinal with reference to the protoplast. In other species 
( e g- C. gigantea ), however, no such rotation takes place. When it 
occurs, it is clearly evident in the altered position of the stigma and 
contractile vacuoles. The first division is commonly followed by a 
second which ensues in a plane at right angles to the first, but again 
longitudinal to the axis of the protoplasts formed in the first division 
(fig. 16 L, M). More rarely division into eight or sixteen parts is 
observed, but even these later divisions always run longitudinally 
with respect to the dividing protoplasts. When division is completed, 
the daughter-individuals commonly become ranged parallel to one 
another within the distended parent-membrane (fig. 16 M). According 
to Reichenow(i74> and Pascher ((147) p. 43) rotation of the protoplast 
during division to the transverse plane occurs mainly in forms with 
narrow elongated cells. 

In Bracluomonas (fig. 16 E, F) the new individuals acquire the 
characteristic shape of the parent before liberation, a fact which 
although not so striking in other cases is equally true of the majority 
of Chlamydomonadineae with cell-membranes. Among the Phaco- 
taceae, where division into four appears to be the rule (fig. 15 II, C, 
L, M), the daughter-individuals likewise form a new envelope and 
flagella prior to liberation from the parent. In this respect the en- 
capsuled Chlamydomonadineae differ from the corresponding forms 
among the Chrysophyceae and Euglenineae. 


this*' S o e -P 2; C ■ Fra,,kl Pascher - ,he sa ™. P. C. Kleinii Schmidlc. 

o • 1 • Physocytium con/enico/a Borzi; R, two individuals with 
.^ CrS ' , ' nd ) v,du als in various stages of development (<i-r) and a gamete 

- ‘ q . ’ zyRote: Q. termination of same. U, Chlamydomonas 
r con raeu. S & ?"*•. palmella-stage. /. flagella; p, pyrenoid; i. stigma; 
GriffithsF p a T e J A ‘ after Dil,: C after Teodoresco; I) after 

Schmidle F n m af r er a I‘ er Goroschankin I O after Frank; P after 

ochmidle; Q-T after Borzi; U after Fritsch & Rich.) 
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As regards the details of division, the chloroplast always appears to 
be halved longitudinally and, when there is a single pyrenoid, it usually 
broadens and separates into two halves with the chloroplast (fig. 16 
A, G). If several pyrenoids are present, these are apportioned among 
the daughter-cells. In some cases, however, the pyrenoid disappears 
during division and is formed de novo in the resulting daughter- 
individuals ((38) p. 171, (80)). The behaviour of stigma and contractile 
vacuoles is not clear, but it seems that in the case of the former one 
daughter-cell receives the stigma of the parent, whilst that of the other 
is formed afresh. It is not improbable, however, that even the individual 
retaining the parent stigma later forms a new one, since after division 
cells with two stigmata are not uncommon (cf. (147) p. 45). 


Palmelloid and Other Sedentary Phases 

In various Chlamydomonadineae the asexual division process, undei 
certain not clearly established conditions, 1 is modified through the 
failure of the daughter-cells to develop flagella and a progressive 
gelatinisation of the membranes of the successive generations (4.72.101). 
The resulting "Palmella- stages” often attain to considerable dimen¬ 
sions and vary in appearance, according as the mucilage is diffluent 
or the strata formed by the successive mother-cell membranes remain 
distinct (Chlamydomonas Braunii, fig. 16 N). The cells of such 
palmelloid phases commonly exhibit contractile vacuoles and eye- 
spots. In the majority of cases these stages are only observed 
occasionally and are probably of brief duration, but in some species 
(e.g. C. Kleinii, fig. 16 P) they become the dominant condition. The 
case of C. Kleinii is, moreover, of special interest, because the cells 
retain their flagella and may even exhibit slight movements within 
the mucilage (188). In all cases the individuals in these palmelloid 
phases readily develop flagella and return to the motile condition. 

A relatively simple condition is seen in C. Franki Pascher(ss), where 
the individuals occasionally develop a thick stratified gelatinous 
membrane, with loss of flagella, and may exhibit a few divisions in 
this condition before they are again liberated as motile cells (fig. 16 O). 
Such a case appears as a mere extension of the habit of dividing after 
cessation of motility that characterises many Chlamydomonadineae, 
especially when such division is accompanied by the secretion of a 
certain amount of mucilage about the dividing cell ((147) p. 55). From 
the Palmella -stages it is only a slight step to the Algae grouped as 
Tetrasporineae (p. 121), in which motility is confined to the repro- 

1 According to VischerUzo) the formation of palmelloid stages in C. 
pulvinata is favoured by liquid media and the presence of ions that tend to 
cause swelling. Frank (<ss) p. 24) found that the Palrnella-stdges of C. Franki 
were favoured by concentrated solutions. 
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ductive phases and the cells of the colonies are held together solely 
by the mucilage in which they are embedded. 

A remarkable form that is perhaps best dealt with here is Physocytium, 
an epiphyte on other freshwater Algae and seemingly only once 
recorded from Italy ((13) p. 71). One or more ovoid biflagellate cells 
exhibiting slight movements are enclosed within a globular mucilage- 
envelope attached to the substratum by two delicate threads (fig. 16 
R, S). The swarmers sooner or later escape and, with intervening 
formation of Palmella- stages, become fixed to a new substratum by 
the tips of their flagella. If the latter really constitute the attaching 
mechanism this form is unique among Volvocales, and its inclusion in 
Chlamydomonadaceae is probably justified. 

Returning to the ordinary Palmella -stages it may be noted that the 
individuals in this condition not uncommonly form hypnospores 
(thick-walled aplanospores) by contraction of the protoplasmic con¬ 
tents and their envelopment by a thick several-layered membrane 
(fig- *3 I)’. such hypnospores are frequently coloured red by haemato- 
chrome. Similar spores are sometimes produced from the contents 
of the ordinary vegetative cells after the flagella have been cast off. 
This is the customary method of tiding over a period of drought in 
Sphaerella (fig. 13 D) (165), and is also known in BracJiiomonas(bi) 
and in quite a number of species of Chlamydomonas (fig. 11 R), being 
especially typical for those responsible for red snow (C. nivalis , etc.) 
(120. J26). From such aplanospores in Sphaerella 1 extensive palmelloid 
stages can be produced by division of the cell-contents without the 
acquisition of flagella. Similar spores (often called cysts) are formed 
by a number of the Polyblepharidaceae (fig. 14 J). In Coccomotias( 34 ) 
too, the individual, after withdrawal of the flagella, may thicken its 
wall and enter on a resting-stage, later liberating one or two swarmers 
(fig. 15 D, E). 


The Colonial Forms 

The numerous colonial members of the Chlamydomonadineae nearly 
all form colonies composed of a definite number of cells which is 
determined during early development, no cell-division occurring after 
the embryonic phase until a new reproductive phase sets in. Such 
definitely integrated colonies are spoken of as coenobia. It appears 
that the colonial habit has originated separately in Chlamydomona¬ 
daceae and in Sphaerellaceae and in both families has culminated in 
the development of a hollow sphere, beyond which further progress 
is impossible. In either case the simpler forms exhibit arrangement 
of the cells in one plane ( Gonium , fig. 18 A; Stephanosphaera fig i-> E) 

fro'm^these"structures."'*^ C0 " di ' i0nS " hi<:h ■» f°"ned 
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a production of cocnobia from each cell of the parent, and an iso- 
gamous sexual process. Colonial forms also occur among the naked 
Polyblepharidaceae ( Raciborskiella ) and a doubtful colourless type 
(Sycamina(ziS)) is known. The only colonial form recorded from the 
sea is Zimmermann’s Oltmannsiella ((236) p . 420)^ 

In Raciborskie/fiTizij.xio) (fig. 17 C) the more or less pear-shaped 
biflagellate cells are drawn out at their posterior ends, by means of 
which they are united to form a colony of 2-15 individuals which 



Fig. 17. Colony-formati* n among Polyblepharidaceae. A, B, Dangenrdinella 
sallalrix Paschcr (after Pascher). C, Raciborskiella uroglenoides Swirenko 
(after Swirenko). c, protoplasmic connecting strand; r, stigma. 

appear to possess the normal chlamydomonad structure. Multiplica¬ 
tion of the cells takes place during movement and, according to 
Wislouch, it is not uncommon for the individual cells to become free, 
such cells by division forming new colonies. 

Colonies of a rather more primitive type are also met with in 
Pascher’s Dangeardinel/ai 151). When cell-division occurs in this form, 
the daughter-individuals commonly remain joined by delicate 
simple or branched protoplasmic strands which may merely form a 
temporary connection or more usually persist. When such individuals 
divide again, colonies composed of four or more (up to 16) cells 
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result, in which the connecting strands are often so delicate that they 
are only seen on careful examination (fig. 17 A, R, c ). Whilst in some- 
cases all the cells are grouped with their anterior ends pointing in one 
direction, more irregular groupings are the rule. D ungear dine lla is 
the only dorsiventral form so tar known to exhibit colony-formation, 
and the colonies are clearly of a less definite type than those of the 
majority ot the Chlamydomonadineae. Neither here, nor in Raci- 
borskieUa, are they of the nature of coenobia. 

Among the Chlamydomonadaceae both the di- and.the tetrakontan 
series produce coenobia. The common Gonium perforate 1 (fig. 18 A) 
has the form of a slightly curved plate with four central and 12 peri¬ 
pheral cells which possess chlamydomonad structure. The individual 
cells are connected by slight protrusions so that there are small 
triangular spaces between them, while in the centre of the whole 
coenobium there is a larger squarish area (a) occupied by mucus. The 
whole is embedded in mucilage (m) with a firm bounding layer (h) 

1 he Peripheral cells are inclined at an angle to the axis of the plate 
(hg. 18 B) while the extremities bearing the flagella face towards the 
c n\cx surface. During forward progression the whole plate spins 
round on its axis with the convex surface anterior. In cultures 

have°bc a " ,th . e, 8j lt or four cells or even the unicellular condition 
have been attained (8a); such states are also found in nature. 

In the other biflagellate forms the coenobia are oblong or spherical 

I hose of Pandonna morum, 43..*,, (fig. ,8 II) are composed usuallv 

with thTb oad° r 32 i Pyrif0rm I CCllS which are close, y packed together 

r 0 r„ r rt r wZr 

intervening tiers of eight (cf tig m R ; tKr ° f i° ur and three 

*j ce (,0) » (2, ». <?»>, (82), (i 3I ). 
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Fig. 18. A-F, Gortium pectorale Mull, (after Hartmann); B, side-view; 
C—F, stages in the development of a coenobium. G, Mastigosphaera Gobii 
Schew. (after Schewiakoff). H-K, Pandorina morum (Mull.) Bory (H and K 
after Pringsheim; I and J after Iyengar); I, coenobium from the anterior, 
and J, from the posterior end; K, coenobium undergoing asexual reproduc¬ 
tion. b, bounding layer of mucilage; a, m, mucilage; n, nucleus; p, pyrenoid; 
s, stigma; v, contractile vacuole. 
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movement and, when the coenobia are ellipsoidal in form, the long 
axis of the ellipsoid is antero-posterior. The constituent cells show 
a definite orientation, the two flagella always lying in a plane at right 
angles to the antero-posterior plane of the whole coenobium, in which 
the two contractile vacuoles of the cell are situated. A further 
expression of the existing polarity is seen in the reduction (or occa¬ 
sional suppression?) of the eye-spots in the posterior cells (cf. fig. 18 J). 
The presence of protoplasmic connections (cf. fig. 19 C) between the 
cells has been established in most of these coenobic forms (do) p. 345, 
(jo, (78)), although in many cases they can only be detected with 
difficulty. As the coenobia mature and approach the phase of repro¬ 
duction, such connections are withdrawn. 



D, Stephanoon Askenasii Schewiak a and b outt T (Ko 9 Pascher ' 
c, collar around flagella;/ flagella' £ muriS? rand '"payers of mucilage; 

tative cells. (A after West - 8 B after’ Kofoil* r‘ I. ep ? >du ^ ,ve » and vege- 

Schewiakoff; F after Ha^'ann.) ' C ’ * after C ° nrad: D after 
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In Gonium and Pandorina (fig. 18 K) all the cells usually behave 
alike in reproduction, each cell of the coenobium for instance dividing 
to form a daughter-coenobium, although in the latter genus an 
occasional smaller anterior cell may fail to divide (36.163); Crow (37) 
describes similar cases in Gonium. According to Hartmann ((81) p. 229) 
the four anterior cells in Eudorina elegatts commonly divide less 
rapidly than the remainder, showing a certain lag with respect to the 



Fir. 20. A, Pleodorina •californica Shaw, part of colony (after G. M. Smith). 
B, C, Platydorina caudata Kof. (after Kofoid); C, side-view. D, Spondylo- 
morum quaternarium Stein (after Stein). E, Oltnumnsiella linenUi Zimmerm. 
(after Zimmermann). F, Chlamydobotrys gracilis Korschik. (after Schulze). 
a, anterior; m, mucilage; />, posterior; s, stigma; tv, cell-wall. 
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others (cf. fig. 19 F), and these cells ordinarily play no part in the 
formation of sexual cells (cf. below). In E. il/inoiensis 1 (fig. 19 B) these 
four cells remain much smaller and are either purely vegetative or 
divide later to form small 16-celled coenobia ((76) p. 174, (80)), while 
in the 64-celled E. indica(&<>) the cells of the front two tiers are smaller 
than the others. The increasing division of labour which can thus be 
traced reaches its culmination in this series in Pleodorina californica 
(fig. 20 A), where approximately half the cells of the anterior portion 
of the coenobium are smaller and purely vegetative. In another 
species ( P.indica Iyengar (80)) vegetative cells are also scattered among 
the reproductive cells in the posterior half of the colony. 

Only brief reference can be made to a number of less completely 
known forms. In Stephanoon (Eudorinella) (<S7» p. 492, (1S2)) the 
spherical or ellipsoidal coenobia contain two transverse series of cells 
which alternate with one another (fig. 19 D). Schewiakoff's Mastigo- 
sphaera (182) shows great resemblance to Pandorina, except that the cells 
are uniflagellate (fig. 18 G). A more aberrant form is furnished by 
Kofoid s Platydorina Uob.207) which is at present only known from the 
United States ((208) p. 336). The coenobia (fig. 20 B) consist of a single 
layer of 32 cells, the enveloping mucilage (m) being rounded in front, 
but produced into three to five processes posteriorily. The coenobium 
is not, however, a flat plate, but as clearly’ seen in side view (fig. 20 C) 
has a marked spiral twist about the transverse plane; moreover, the 
flagella are borne alternately to the one side and the other. The cells 
are grouped in an outer series of 16, a median series of 12. and an inner 
group of four, and in the anterior half of the coenobium the cells of the 
successive series are separated by marked spaces. Platydorina could 
be derived from an Eudorina by imagining the coenobium of the latter 
compressed into one plane, and in this connection it may be mentioned 
that in Eudorina the mucilage-envelope is not uncommonly produced 
into mammillate processes at the posterior end. Nothing is known of 
the reproduction of Platydorina. The marine Oltmannsiella (236) is in 
so far remarkable that the four individuals lie in a row (fig. 20 E) and 
are naked until the time of reproduction. 


In Spondylomorum 2 and Chlamydobotrys 3 (inch Chlamydosphaera 
O87)) the coenobia are devoid of the common mucilage-envelope that 
is found in most of the previously discussed forms. The former 1 
(fig. 20 D) has four, the latter (fig. 20 F) two flagella on the cells, 

hlS r' S F )° foi< ! S Pleod °rina dlinoisensis (105) which Pascher(i 47 > h is 
colonL referrCd *° thC 8CnUS Eudortna in vi * w of identical build of the 

p - S78> (,93) - 

b««r be i^oid. la " Cr ‘ S S ° imPCrf "‘ ,y JeSCt ‘ b ' d “" d *« i' “«d 

4 Pascher ((147) p. 405) expresses doubts as to the existence of the auadri 
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which in both cases are loosely arranged in tiers of four, the cells of 
successive tiers alternating with one another. The cells apparently 
rather easily separate. There is no pyrenoid in the chloroplast of either 
form. These two genera are marked saprobes and Jacobsen(o«) first 
showed that Spondylotnorum is readily obtained from cultivated soils. 
Korschikoff’s Paschenella (i 14) has four-celled coenobia with two cells 
only in each tier; the individual cells are very like those of some species 
of Chlamydomonas. * 

Among the Sphaerellaceae a coenobium of a relatively simple type 
is seen in Stephanosphaera ((31), <86>, O93), (212) p. 626), where the 
spherical or ellipsoidal mucilage-envelope with a firm bounding layer 
contains usually eight (sometimes two, four or 16) cells arranged in 
the equatorial plane (fig. 13 E, p. 84). The protoplasts are elongate 
and provided with a number of simple or branched processes, de¬ 
veloped especially at the two ends of the cells and extending up to the 
periphery of the mucilage. Whether a cell-membrane is present is 
doubtful (cf. (193) p. 519). The chloroplast is diffuse, parietal, and 
reticulate and commonly extends into the processes; often there are 
two pyrenoids, but there may be several. The contractile vacuoles are 
scattered over the whole protoplast. The anterior end bearing the two 
flagella is directed towards the outer surface of the whole coenobium, 
and the flagella penetrate the mucilage investment approximately in 
the equatorial plane. 

The structure of the cells of Stephanosphaera thus shows con¬ 
siderable resemblances to those of a Sphaerella (p. 83), and this is 
also the case in Volvox globator and in certain other species of this 
genus. The coenobia of Volvox 1 are hollow spheres or ellipsoids with 
a single layer of very numerous (1500-20,000 in V. globator , 500-1000 
in V. aureus) small cells occupying the periphery (fig. 21 A, B), while 
the interior is composed of diffluent mucilage. The whole coenobium 
is bounded by a delicate but sharply marked mucilage-lamella 
(fig. 21 E, a). In V. globator the middle lamellae of the cells form a 
polygonal pattern when the coenobium is viewed from the surface, 
while the protoplasts appear stellate with a number of coarse un¬ 
branched processes traversing the mucilaginous portion (m) of the 
membrane and corresponding with one another in adjacent cells 
(fig. 21 A, C). The processes on the two sides of the middle lamella 
are connected with one another by delicate plasmodesmae(i29) 
traversing the latter (fig. 21 D). 2 In optical section the protoplast is 
seen to occupy only a small part of the cell-cavity, being markedly 
compressed with the processes developed only in a plane parallel with 

1 See (30), (79), (89), (94), (102), (103), (128), (129), (138), (161-164), (179). 

2 Many writers erroneously speak of the processes as protoplasmic con¬ 
nections, but the latter are not in any way comparable to the delicate 
connections found in the other colonial Volvocales and seen also in Vo/vox. 
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r 8 n 11^ C "?’ Ko/t;ox globator (L.) Ehrenb.; A, part of coenobium 
nf • t S ln surface-view, D after removal of the middle lamella; E, sectior 
F P i Cn iT Cry °* cocn °bium. B, V. Mononae Smith, with daughter-coenobia 
* * f * aur ^f Ehrenb.; F, from the surface (diagrammatic); I, section o 
mof ooenobnun. G, H, V. tertius Meyer; G from the surface, H in section 
i of mucilage-envelope; b, external cell-wall; c, chloroplast 

prism. * r space; m ucilage of wall; p, inner boundary of mucilage- 
van m i’. ’ / * Ut l r Pf rt septum; t, lateral boundary of same; v, contractile 
vacuole. (A. B after G. M. Smith; C-F, I after Meyer; G. H after Pascher. 
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the contour of the coenobium (fig. 21 E). An entire cell has the form 
of a five- or six-sided prism (cf. fig. 21 C, E) tapering very slightly 
towards the interior of the coenobium from which it is demarcated 
by a flat wall. The chloroplast (c) is a curved plate with one or more 
pyrenoids and usually extends into the basal portions of the processes. 
A number (2-6) of contractile vacuoles ( v) are scattered through the 
protoplast. 

In V. aureus a surface-view of the coenobium presents a similar 
appearance to that seen in V. globator, but the protoplasts appear 
rounded and their processes, which again all lie in one plane, are 
delicate and usually only two or three per cell (fig. 21 F). As a general 
rule they are not apparent without staining. In optical section the 
appearance is altogether different from that of the other species. The 
protoplasts are oblong and occupy the periphery of wedge-shaped 
mucilage-prisms that extend radially almost to the centre of the 
colony (fig. 21 I). The details are not altogether clear, but to judge 
from Meyer’s figures (129) the prisms probably represent the contours 
of the actual cells which are here produced inwards almost to the 
centre of the coenobium (cf. (147) p. 452). It would seem that not 
every individual cell occupies such a prism, but that each of the latter 
harbours a number of protoplasts which are separated only by short 
strips of membrane (5') extending a little way inwards from the 
periphery (fig. 21 I). The cells of V. aureus possess to all intents and 
purposes a chlamydomonad structure, the chloroplast not extending 
into the protoplasmic processes. 

In the case of V. tertiusi 129) the protoplasts are globose and, except 
in the young coenobia(?), devoid of protoplasmic connections (fig. 
21 G ). 1 The optical sec ion of the cells (fig. 21 IT), apart from the 
circular form of the pro.oplasts, is similar to that of V. globator. The 
outer walls, however, .ire rounded, so as to leave prominent inter¬ 
cellular spaces (*) between them, and in the surface view one sees a 
network of cell-membranes with the protoplasts located in the rounded 
meshes (fig. 21 G). The details of the cell-structure are not known. 
G. M. Smith(206) has further described a species, V. Mononae 
(fig. 21 B), which has also been found in Great Britain, in which the 
protoplasts have altogether the chlamydomonad structure and in 
which protoplasmic processes are apparently lacking at all stages of 
the life-history." 


1 Cf. also V. a/ricanus Wo.tbi) and V. pigasi 161). 

* According to Zimmcrmann ((23s) p. 4 °*, footnote) Volvox globator in 
alkaline solutions loses its protoplasmic processes and then altogether re¬ 
sembles Shaw’s genus Mcrrillosphaera (202). Mr D. J. Scourfield, however, 
informs me that he has found a form, similar to Volvox Mononae and devoid 
of protoplasmic connections, in the same pool together with V. globator and 
V. aureus. 
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Apart from these four species a number of others have been studied, 
in part in great detail (cf. (So), (161-164), (179), (200-204)), and it is evident 
that there exist in other parts of the world certain variants of these 
principal types. The detailed studies undertaken by Shaw, Pocock, and 
Iyengar, however, in most cases leave it unclear whether these variants 
deserve a specific status and are not perhaps merely regional modifica¬ 
tions of the known European species. It seems undoubted that in the 
present genus Volvox forms with rather diverse types of cell-structure 
are included. The type of V. globator with its coarse processes, diffuse 
chloroplast, and scattered contractile vacuoles shows great similarity 
to the Sphaerella-typc( 3 t>). In Volvox aureus, on the other hand, quite 
apart from the peculiar build of the coenobium as a whole, the proto¬ 
plast appears to have a rather different structure. The processes are 
quite subsidiary to the main protoplast which in essentials is that of a 
Chlamydomonas, and this is still more true of Volvox Mononae. It may 
well be that, as our knowledge of the species of Volvox increases, it will 
become necessary to segregate the genus into a number of genera, some 
belonging to the Sphaerellaceae, others ( V . aureus, l r . Mononae) to the 
Chlamydomonadaceae. V. Mononae may well be a further advance on 
Pleodorina. 

Such a segregation of Volvox into a number of genera has been 
advocated by Shaw, but on rather a different basis, viz. mainly on the 
degree of development of the daughter-colonies at the time of liberation. 
In all the species of Volvox the daughter-colonies arise from specially 
enlarged cells, so-called gonidia, which are produced usually in small 
numbers in the posterior half of the colony. They are recognisable at 
an earlier or later stage in development by their larger size, their larger 
nuclei, and the possession of more numerous protoplasmic processes 
(fig. 22 A) which are here only withdrawn at a late stage. In Shaw’s 
Besseyosphaera (199) the gonidia are only formed after liberation of the 
daughter-coenobia from the parent. In Copelandosphacra{ 203) gonidia 
are developed, but do not commence to divide until the coenobium is 
set free, while in Alerrillosphaeralzoz.zo 4) the gonidia have already 
developed to a varying extent into daughter-coenobia when the parent 
is liberated. According to Shaw these two genera lack protoplasmic 
connections between the cells. 1 Volvox aureus, owing to the peculiar 
structure of the coenobium, is placed by Shaw in a separate genus, 
JanetosphaeraUoi). This treatment of the species of Volvox has been 
criticised by Pascher (d 4 7) p. 463) on the ground that the time of 
development of the gonidia into daughter-coenobia no doubt depends 
in part on external conditions. In any case the validity of Shaw’s genera 
cannot be estimated until the details of cell-structure are known for the 
various forms involved. 

1 Cf. footnote 2 on the previous page. Iyengar (<89) p. 357) has shown 
that protoplasmic processes are present in Copelandosphaera. 
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Asexual Reproduction of the Colonial Forms 

As already mentioned, in all the colonial Chlamydomonadineae, 
except Raciborskiella and Dangeardinella , the individuals producing 
daughter-coenobia undergo division within their membrane to form 
the full complement of cells of the future coenobium and, after the 
latter s liberation, there is no further cell-division until a new repro¬ 
ductive phase sets in. In Pleodorma only about half, and in Volvox 
only a few, of the cells ( gonidia ) divide in this way. All the divisions, 
as in the unicellular types, are longitudinal 1 and, although this has 
only been fully established in the commoner forms, in general they 
follow a definite sequencers, 82. 102..03. 118. 127.162.23s) 2 (fig. 22). The 
first division plane seems always to coincide with the antero-posterior 
plane of the whole coenobium, i.e. it is longitudinal with respect to 
the parent-coenobium as a whole (fig. 22 C, D). The second division 
is longitudinal in a plane at right angles to the first (fig. 18 D, E) and, 
after that, each of the four resulting cells divides again lengthwise so 
that an eight-celled plate (plakea-stage), which has become more or 
less incurved with the concave surface outwards, is produced (fig. 
18 F). At this stage the position of the cells becomes adjusted, so that' 
four form a central group, while four are peripheral, each lying 
opposite the line of separation between two cells of the central group.. 
Further longitudinal divisions (fig. 22 F) leading to the establishment 
of the definitive number of cells are accompanied by an increasing 
curvature of the plate till, in all except Gonium , the cells ultimately 
form a hollow sphere with a small aperture towards the exterior of 
the parent-coenobium (figs. 19 F, 22 G, 23 A). At this stage the cells 
are still naked and all are naturally so orientated that the anterior end 
of the cell is directed towards the concave side of the plate or towards 
the centre of the sphere. Under abnormal conditions the plakea-stage 
may be retained in Eudorinam). 

The normal orientation is attained by a complete inversion of the 
young coenobium, first demonstrated by Powers 3 ((164) p. 158) in 
two species of Volvox in 1908 and since shown to occur also in the 
other common members (cf. (82), (118), (203), (23s)); a very detailed 

1 Schiller ((18s) p. 278), however, states that the second division plane is 
transverse in the development of the daughter-coenobia of Spondylomorum 
cauda turn. 

2 Exceptions are found in Oltmannsiella where, after the protoplast has 
divided longitudinally, there is a rotation to the transverse plane, followed 
by a second longitudinal division in a plane parallel to the first(236), and 
Chlamydobotrys ((193) p. 56°) where the protoplast divides by successive 
fission to form the new colony without the development of a plate-stage. 

3 In describing the development of the daughter-colonies in Eudorina 
illinoiensis Merton ((127) p. 47 °) recognised that inversion occurred without 
establishing the manner in which it was accomplished. 
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F ig. 22. A-J, Colony-formation in Volvox aureus • A nart nf a ^ w 
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description is given by Pocock(i6 2 ). This process commences with a 
slight constriction in the equatorial region of the sphere, after which 
the part opposite to the aperture (i.e. the surface adjacent to the 
interior of the parent-coenobium) begins to fold into the anterior 
half (fig. 22 K). As this invagination progresses the aperture greatly 
enlarges and, as the infolding posterior portion begins to push through 
it (fig. 22 L), its edges curl backwards and gradually slide down 
(fig. 22 I) until the whole structure is inverted. The anterior ends of 
the cells now face outwards (fig. 22 J). The aperture at this stage 
shows a numberof lobes (fig. 22 M) which gradually fold in to close it. 

During these happenings the hitherto naked protoplasts often 
acquire cell-membranes, although this is apparently delayed in some 



Fig. 23. Volvox aureus (after Klein). A, young coenobium seen through 
part of surface of parent, showing the aperture in the sphere. B, colony 
with daughter-individuals in which dividing gonidia ( g ) are already recog¬ 
nisable. 

forms till after the liberation of the new coenobium. In the species 
of Volvox the daughter-colonies are set free into the interior of the 
parent-colony (figs. 21 B, 23 B) which may continue to live and move 
for some time, but sooner or later the parent tears open irregularly 
and almost immediately dies, while the daughters start an independent 
existence. In all the forms just considered the aperture on one side 
of the sphere, which not uncommonly fails to close completely, comes 
to lie at the anterior pole of the new coenobium. Under abnormal 
conditions the inversion may fail to occur (cf. (219)). 

In Volvox a large part of the parent-coenobium perishes after 
reproduction, and this is also true of Pleodorina and, to a more limited 
extent, of Eudorina illinoiensis . This is in marked contrast to all the 
unicellular forms and the less specialised coenobial types in which 
the entire living substance of the parent is perpetuated in the offspring. 
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I he division of labour in these more advanced types thus brings with 
it the death of the vegetative part (soma) of the colony. These con¬ 
siderations indicate too the difficulty of drawing a sharp line between 
colony and individual in the Volvocales. Forms with specialised 
reproductive cells, although one may speak of them as colonies with 
division of labour, in fact behave as individuals, and the presence of 
protoplasmic connections in most of the coenobial Chlamydomona- 
dincac renders the individuality of the colony the more marked. 

Occasional liberation of individual cells may, however, occur «u 7 ) 
p. 77 ) and Bock(.o) showed that single cells or groups of cells artificially 
detached from the coenobia of Gouium, Pamlorina, and Eudorina 
survive, although as a general rule they soon proceed to divide to form 
new colonies; so far such experiments have been unsuccessful with 
olvox. It is of interest that, while detached cells of (Jowum give rise 
to new colon.es of normal size, those of Pundorhm are smaller than 
u=»ual. whilst in Eudonna the total number of individual cells is reduced 

itself 1 h°r" CS T t ' SP .°: c,al,sat >on seen in other features thus also shows 

Gornlm m 1 * t0 Sc irc,ber < ug " p- 343). "hen colonies of 

° and E "donna are subjected to progressive desiccation they 
pass oyer into a palmelloid condition in which the two genera Kcome 
practically indistinguishable; on transference to water the cells are 
liberated as single swarmers which, sometimes only after two or three 
days, divide to form normal coenobia (cf. also < 44 >, ( 47) ) 


Sexual Reproduction of the Ciii.amvdo.monadine.ve 

A large proportion of the forms above discussed readily resort to 

P'—'y shed during .he ’h io Z ZT 'T K ;,p - 

(fi K . 34c !•> the small game.es, „hich mX he "g^Xnf 
are not compressed, are formed l„- r ... . , ' . g V lat,vc ,,ul, \'duals 

of DangeardineUa (,5,,, lastly vary ',.^11 ^ dlv,s '°' 1 - gametes 

of the same size (fig 2 j. G) -,' s n ' S . IZC ’ ' ut 1)0,11 R an ' el es 
dimensions (Hg. ^ ' 

. ." ,S ' ,,!a "'" US "‘ C, " bCrS '*"* CI "-'ydo.n.,nad,„eae 

sexual process m X'ci nd .‘rl^r^l>«’' ‘ hu occurr «nee of a simih 
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(40.49.73,17s) the gametes are formed by division of the contents of 
the ordinary cells after the manner above described for vegetative 
division, fission into 16 or even into 32 or 64 (e.g. Sphaerella, fig. 25 A) 
parts being not uncommon; in Sphaerella lacustris, however, the 
gametes appear always to be formed from cells which have entered 
upon a resting period ((157), (193) p. 539). The gametes are set free as 
small, usually naked swarmers which otherwise as a rule resemble the 



Fig. 24. Sexual reproduction of the Polyblepharidaceae. A, B, Dunaliella 
salina Teod. (after Teodoresco). C—F, Phyllocardium complanatum Korschik. 
(after Korschikoff); E, zygote; F, zygospore. G, H, Dangeardinella saltatrix 
Pascher (after Pascher); G, zygote resulting from equal fusion; H, unequal 
gametes, s, stigma. 


vegetative individuals in all essentials (fig. 25 B). In some species of 
Chlamydomonas (e.g. C. media Klebs(ioi)) and Chlorogonium ((193) 
p. 529, (21 2) pp. 627, 644), as well as in Lobomonas&s) and Diplo- 
staurofi (1 xo), the gametes are provided with a membrane which is 
often discarded before fusion (fig. 25 E, F). 

Various observers (see (212) p. 671) have recorded the secretion of a 
hyaline substance at the bases of the flagella by means of which the two 
gametes become cemented together (fig. 25 I). In most cases fusion 
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oeeuri only between gametes from different parent-individuals. In the 
formation of the zygote the two gametes are usually equally concerned 
35 C, E), but in C hlamydontonas monotca (2121, where the gametes 
are provided with membranes, the contents of one pass over entirely 
into that of the other (fig. 25 J); this is also sometimes the case in 
C. eugcimetosd 33 ) (fig. 111 G. p. 352). Gametes which fail to fuse may 
sometimes develop into normal vegetative individuals. There are 
probably all gradations in this respect between forms like C. eugametos 
in which according to MoewusOjj) every individual can act as a gamete 
providing the conditions for sexual fusion are realised, and forms with 
specialised gametes which are incapable of independent further develop¬ 
ment (e.g. Stephanosphaera). Clump-formation has been recorded by 
Pascherd52) and Moewus. y 

Pascher(us) has observed amoeboid gametes devoid of flagella in an 
undetermined species ot Chlamydomonas (fig. 2s H). The likewise 
amoeboid zygotes fuse with one another, as well as with other amoeboid 
gametes, forming plasmodia which ultimately encyst At present no 
other case of this kind has been recorded. ' P 

The ordinary gametes of the unicellular forms not uncommonly 
vary appreciably m s.ze, a feature also clearly seen in PanZta 

imnr, 6 - B T ' ",^7 ^ and Sma11 fuse together an 

impression of marked amsogamy* is afforded; but in most species 

ugumum, as well as in the oogamous coenobial types his 

in^ecLeTclf *? th " anis °8-y bccon'Tli^d ' “ ^ “ 

s 

dividuals. The microgametes f r ?! ^ you,,B vc g«ative in- 

their mother-celk arfabom hdfT " umbcr of eight from 

the young vegetative ind v t I 7 ° f ,he ° ,hcrs ’ s "‘tHer than 
According t^Gorost^hankin‘fhe “ r<rla,i "’> elongate, 

without drawing in their flagella and' gamctes soon comt ' to rest 

gametes which show active movementX”“ bo^’ ' 77 °' 

m a cell-wall. In fusion (fig 2 - K-XU the o ' , h are dothed 

~ •? r=^ 

r t pro,oplas,s &&£££ 

j'”) states t h^t^e°a^ntem < s , of / the'snianer 1 al\Ja atUrCS " ,S ? secn - Moewus 

Th! e H ff mele ' althou « h smaller may belong 10 “^ VCr ' nt ° th ° Se ° f ,he 
I he difference of size is therefore in »k;I “ to e,ther s*rain (cf. p. 4 ,\ 

" See (,«. « 8 v, (lo8) , “ XUa ' 



Fig. 25. Sexual reproduction of unicellular Chlamydomonadineae. A, Sphae - 
rella droebakensis (Wollenweb.), gamete-formation. B-D, Chlamydomonas 
Reinhardi Dang.; B, gamete; C, fusion ; D, zygospore. E-G 9 C. media Klebs 

G, zygospore. H, C hlamydomonas sp., above fusion of amoeboid gametes 
below amoeboid zygote. I, Polytoma uvella Ehrenb., junction of gametes 
J, Chlamydomonas monoica Strehlow, anisogamous fusion. K-M, C. Braum 
Gorosch., three stages in sexual fusion. N-P, C. coccifera Gorosch.; O, micro 
gamete; N, fusion; P, zygospore. Q-U, Chlorogonium oogamum Pascher 
Q f formation and R, liberation of ovum; T, formation of male cells (U);S 
fertilisation. V, Chlamydomonas botryodes Strehlow, zygote. b t basal granule 
r, chloroplast; /, female; m, male; ma t macro-, and mi, microgamete; n 
nucleus; o, ovum; p , pyrenoid; s t stigma. (A after Wollenweber; E-G after Klebs 

H, Q-U after Pascher; I, J, V after Strehlow; the rest after Goroschankin.) 
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formed by the combined membranes of the gametes. During the 

process of fusion the flagella disappear. Later the zygote secretes its 

own close-fitting membranes in the usual way. In Phyllomonas (...) 

matters are much the same, but there is a more pronounced difference 

in size between the two kinds of gametes, while the microgametes are 
naked. 

Chlorogonium oogamumusi) produces a single ovum from the 
contents of the elongate vegetative individual (fig. 25 Q) and the ovum 
is set tree as a naked amoeboid protoplast, devoid of flagella, through 
a lateral rupture in the wall of the parent (fig. 25 R). The narrow 
elongate spermatozoids are formed in large numbers by rapid suc¬ 
cessive division of the contents of an individual (fig. 2c TV their 
chloroplast is yellowish green and they possess a delicate membrane 
and a pair of apical flagella (fig. 25 U). The oospore at first secretes 
a delicate membrane within which the definitive oospore-membranes 
are formed (cf. Sphaeroplea , p. 224). S 

Hie macrogamete of Chlamydomonas coccifera ( 74 ) is formed from 
the ordinary vegetative individual without division. The flagella are 
lost and a considerable enlargement and rounding off taktfs place 
accompanied by increase in size of the pyrenoids (cf. fig 2 r N 

The male gametes (fig. 25 O), formed by the division of the parent ce{ls 
to sixteen parts are nearly spherical, the flagella are marked v 
longer than the body, and there is usually but a single pyrenoid Roth 
gametes are again clothed in a cell-wall. The male gamete unites ^ 
the female at the point where the anterior papilla of the 1 itr-V 
*' ua,ed h ?' 25 N >' Th ‘ —> differentiation of iL nlo ' e''" ''! 

ms - - - 

Among the coenobial members of the Chlamvdom ^ 
essentially isogamous sevml n mi -.ec i 1 n,dni y d °monadineae an 

MU ".« (ho” p to„TSi 8 ,> CL '" ° bser 'l ed ™ ‘^or. 
(-*> P- <- 58 ), and n ^ 

gametes are long spindle-shaped bodies with l ‘* t .‘ na, " ed «*.*«> the 
and a pair of rather short flagella (fig , , F ‘ SdIIIh r ° S } enor end 
division of usually all the cells of a P i • - darc tor,ned b >' 

(%-' 3 K). As in many of the unicellifhr tvne^th" ,Mo ™ 
remains motile for some time before roundi^Toff to*? 80 * ^ * 3 G) 
zygospore (fig. 13 H 1 ) Both r n „; , 8 ° ,F to tor «n the resting 

dorinaufi show the fluctuaUnffanko^ P* 353) and pj 

Chlamydomonadaceae, but in Pandorinalhe °' C escr,bcd tor certain 

,rend " i thc d — - - -sr, tzzzszs: 
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gamy, such as has culminated in the pronounced oogamy of Eudorina , 
Pleodorina and Volvox. Both in Goniumi. 108,194) and Pandorina 
(fig. 26 A) the sexual coenobia are of small dimensions and the 
gametes are constituted by the naked protoplasts which escape from 
the membranes. 

Eudorina ((69) p. 41, (71)) and Pleodorina are dioecious, although the 
coenobia of the former occasionally include both sexes ((18), (147) 
p. 62); the male coenobia of Pleodorina are smaller than the female 



Fig. 26. Sexual reproduction of Pandorina and Eudorina. A—C, F—H, 
Pandorina morum (after Pringshcim); A, sexual coenobium showing liberation 
of gametes (g); B, unequal and equal fusion; C, young and old zygotes; 
F, germination of zygospore; G, swarmer liberated from same; H, new 
coenobium formed from the latter. D, E, Eudorina elegans (after Goebel); 
D, female coenobium with ova (o) surrounded by spermatozoids, in part still 
in bundles (m), in part free (r); E, two stages in the formation of spermatozoids, 
the earlier on the right. 
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and pale yellowish in colour (so). The female coenobia of Eudorina 
altogether resemble the vegetative colonies, i.e. the ordinary cells (as 
in Chia my do m onas coccifera) develop into ova with some enlargement, 
but without division (fig. 26 D). In E. illinoiensis ( 76.80.127) the four 
anterior cells usually remain sterile and this is possibly true of all the 
species of the genus. In the male coenobia these cells only very rarely 
appear to take part in the formation of antheridia. The spermatozoid- 
bundles of the latter are formed by successive division following the 
same sequence as in ordinary vegetative multiplication, but usually 
culminating in the production of 64 units and unaccompanied by anv 
appreciable incurling of the resulting plate (fig. 26 E). The individual 
spermatozoids are elongate with a pointed anterior extremity and the 
chromatophore becomes yellowish. The male platelets are'liberated 
intact and swarm to the female colonies where they undergo dis¬ 
integration into the individual sperms (fig. 26 D, m, 5). At this stage 
the membranes of the ova (o) have gelatinised( 7 «.8 9 ). In Pleodorina 
calijomicab o) ova and antheridia are formed only from the cells of the 

A I a ^ || ^ - • . . _ reproduction, therefore 

the cells of the anterior half are purely vegetative. The sexual cells 
develop in the same way as in Eudorina. 

Among the species of Volvoxo o. ■«. ,03. i 6 j ., 33), some like V. aureus 

cln^S of US k k Hke V ‘ gl ° bat0r are mon °ecious, but 

colonies of V. aureus with both ova and antheridia are not infrequent • 

according to Mainx(.*6) such differences are probably distinctive of 
markedly protandrous, although those of V. aur^lre mlstW Droto- 

the ova are distinguishable from thegondaby he^en^ ofd" ^ 
rhe female cells ultimate 6 V aDs enceof division. 

cells (fig. 27 A B) Thei/n^^ Ca ^ ^ ^ rcat ^ enlarged Hask-shaped 

inter,l^f dtc coenobium pr0t ™*“ mark «"y the 

and close-fitting membrane (J fig ^ * relat,vel >' fin " 

flagella. These cells might well be desfrih H "’ atUnty th <T bear »° 
their protoplast alone that functions as the fe aS ,° 0g0n ' a ’ Slnce it is 
beak-like apex of the membra^ h f f while the 

communicate with the surface of th«‘ * me ^ s of wh,ch th ese cells 
point of entry of themaleP robabl -V marks the 

successive divfsi^ are produced by 

tion; they remain grouped a § s a flat plate (fi» segmenta- 

(occasionally in V. aureus), become inrolled tl V ' S ° L me S P ecies 
becomes inverted just like the »' torm a . s P here which 

egetative coenobium(i6j>. The 
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spermatozoids are very narrow elongate structures with a small 
yellow-green or pale green chromatophore and a long pointed anterior 
extremity bearing the two flagella, either apically or subapically 
(fig. 27 C). The actual process of fertilisation has not yet been ob¬ 
served in Eudorina and Pleodoiina y while the data for Vo/vox( 122) are 
not very convincing. 'The oospores of i'o/vox are commonly spiny 
(fig. 27 E) and remain in the parcnt-coenobium for some little time 
after fertilisation. Parthenospores have been recorded by Mainx(iz 6 ) 
in Vo/vox aureus and Eudorina elegans. 

There appears to be a great uniformity in the sexual reproduction 
of Vo/vox 9 a fact which, if confirmed, would perhaps rather speak 



Fig. 27. Sexual reproduction of Volvox . A, C, D, V. aureus ; A, female 
colony with oogonia (o ); C, spermatozoids; D, oospore. B, E, W A'/ abator ; 
IJ, part of a monoecious cocnobium with oogonia (o) and anthcridia (a); 
E, oospore. (A, C after Klein; B, after Cohn; 13 , E after West.) 

against a polyphyletic origin of the genus (cf. p. 105). 'I he oogamy 
is here clearly of a more specialised type than that of Eudorina or 
Pleodor ina. 


The Further Development of the Zygote 

Nuclear fusion does not necessarily occur immediately after fusion 
of the protoplasts, while fusion of the nucleoli is stated to ensue some 
time after the nuclei have amalgamated (cf. (212) p. 665). Especially 
among the unicellular forms there arc all transitions between cases 
in which the gametes come to rest just prior to fusion and those in 
which the zygote retains its flagella and continues to move fora shorter 
or longer period before coming to rest. Sooner or later, however, the 
product of sexual fusion (often after considerable enlargement) 
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becomes enveloped in a thick usually stratified membrane, 1 partly 
consisting of cellulose ((.„> p. 523), while the green colour of the 
contents mostly becomes obscured by the accumulation of large 
quantities of an oil coloured red or orange; the coloration is probably 
due to haematochrome. Such zygotes can pass through a prolonged 
resting period, and it is probable that a certain interval must normally 
elapse before germination can take place. 

There can be little doubt that reduction always occurs during the 
germination of the zygotes, although the actual cytological details 
appear to have been observed only in Volvoxto 33) and Stephano- 
sphaera ((*33) p. 512) The fact, however, that in all cases that have 
been carefully studied, two divisions have been found to occur during 

reduc e rndt°sbn ^ * P “ b ^ f ° r the ° f a 

for^nX°^?i 0 , n ° f j° Ur ^ ei « ht > been recorded 

for species of Chlamydomonas (e.g. C. Ehrenbergii , fig. 28 G-K; cf also 

<«75) and other unicellular forms (<« 93 >, (*«*) p. 686) (fig 28 B C) as 

Ztrinl t T n ° SP u haera ^ ™ P* 6 ? 8 > and gUSL (top 5? 

^ea ( 8 k - 28 A) ' he SWarmers rema * n distinct 

umted In fn M V COe ,?° blum ' whilst in Gonium they remain 

ceTs a normal 4 -“ lled P<“te (fig- 28 F), from each of whose 

ceiis a normal 16-celled coenobium is soon former! in p j 

Budarina. ° f the Umcellular forms may behave like 

~ ^r h era,ion ^ 

of the latter divides to form a hollow c K g ' r The P roto P la st 
Which after the usual inve^on (fig °8 felf’ < fi S- * 8 N ' °> 
coenobium, those of the mature ’ IV-’ T free “ a few -celled 
number of generations p ft i, ! ze be,n & formed only after a 

swarmers being formed ofTvhich^ h° ^ P OSsibi,it y of several 
whtle according 8 ,o -“essfu., 

h,um may he produced hy d.vision of the noZ&'ZZ'nl'ZZ 

^chreiher (,..0 p. 358) has shown tha, in Goniun, two of the 

CUorogomum “ ,he w*J- “hove described for 

28 dT *°“ “ *“ ° f developed as .warmer « 














Fig- 34* A, B, Malleochloris sessilis Pascher fafr*»r . a 

on the left, division-stage on the rightfB ^^cV c 

stipitatum Geitler (after Geitler) D-I C * Stylosphaendium 

|tei„ (D. J after C.enkowiw 'the ^ “2 "d "T"""? (Ehrc " b > 
F, attached cell: G-I various srao^c a• tem , D * co * on y; E, swarmer; 

Hormotila mucigena Borzi (after Borzi); K TbrgL col^IT-V^"*' K ’ S 
swarmers. c, chloroplast; n, nucleus- /> * ovrenniH Y ’. L ’ format,on of 
v, contractile vacuole. * Py enoid • *• st, 8 ma ; st, stalk; 
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extremity a pair of contractile vacuoles (v). Jasnitzky(o5> records 
gamete-formation in a Russian species. 

The microscopic colonies of Prasinocladus 1 are formed in a some¬ 
what different manner. This alga is commonly met with in aquaria 
containing seawater, but has also been found in the littoral zone 
and in brackish waters. The quadritlagellate swarmers (fig. 35 B) are 
again provided with a cell-wall; the single chloroplast, though some¬ 
what dissected, is essentially of the chlamydomonad type, with a 
large polar pyrenoid (p. 68) and a well-marked stigma (*). After 
attachment to a substratum, the protoplast sooner or later secretes 
a completely new membrane, after which the apex of the original 
wall of the swarmer ruptures, and the contents shift upwards to a 
more or less marked extent (tig. 35 C), until the base of the new 
cell is only enclosed in a collar-like strip of the apex of the old cell- 
wall (fig. 35 E, F, o). The same series of events takes place repeatedly 
and thus the original protoplast may become carried up on a filament 
of increasing length, composed of empty membranes and showing 
numerous transverse septa (b, t) corresponding to the basal and 
terminal parts of the successive cell-walls formed by the protoplast. 
I hese septa stand close together or at more remote intervals, according 
to the degree of upward movement carried out by the rejuvenated cell 
on each occasion. At times the protoplast undergoes an oblique 
longitudinal division (fig. 35 L)) and then one half may push out 
laterally to form a branch (fig. 35 E, C). It also happens, however, 
that one half-protoplast remains in the parent-membrane, while the 
other continues the growth of the filament, so that occasionally a 

protoplast is found occupying one of the often long series of empty 
chambers (fig. 35 A). f - 

According to Lambert (<u«> p. 239) the anterior (lower) end of the 
cell is provided with a papilla (tig. 35 E, F, a) and forms four flagella 
at each process of rejuvenation, although these flagella are soon with- 
drawn I his means that there is a successive formation of motile 
(walled) cells any one of which might potentially become a free 
swarmer, and it would be of interest to ascertain what conditions 

and Th “ ” ,he ^ ** Sc " n ' s Chtorodcndronu , 7) 


A,Vrfora , X U " B 0 ^:r^'7he^ * D " is «*«** 

kuck. („r,„ zta,Wm^ r -iV terrs' u.<;, h p. i,,„nn, s 

t, I* f 1 J . subsalsa (?) (after I r * *’ bran ch-formation. 

and branching of the colonies n lo cx P ,ain ”io<ie of growth 

b, basal wall of cell; br 9 branch / leniSh^ L " * abn ^ rmaI P a Pil' a ; 

of cell from wall b to terminal mar^n / hla T nt chamber; /, entire length 
stigma; tcnjnai S ‘ °' pyramid: 
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determine whether the rejuvenated cell shall become free or shall be 
retained as the terminal cell of the filament. In any case Prasitiocladus 
is clearly but little removed from a motile form, and in this connection 
it may be noted that the stigma remains recognisable in all the proto¬ 
plasts of the colony, although, as in so many marine forms, contractile 
vacuoles are lacking. 

The form originally described by Kuckuck(n7) was, according to his 
own account, growing under rather unfavourable conditions and was 
characterised by the fact that the successive compartments of the 
filament were very short, so that the septa followed very closely upon 
one another (fig. 35 G, H). These filaments he interpreted as stratified 
mucilage-stalks. The later work of Zimmermann(u4) has made it clear 
that Kuckuck’s form belongs to the same genus as the Chlorodendron 
subsequently described by Scnn, but it still remains doubtful whether 
the two forms belong to the same species, as there are certain differences 
in the shapes of the swarmers. 

While Chlorangium and Prasitiocladus are clearly closely related tc 
the motile Chlamydomonadineae, this is not so evident in the case 
of other genera belonging to the Chlorodendrineae. Ecballocystis 
((12) p. 7, (57) p. 494, (87)), which seems to be widely distributed in 
freshwaters (commonly flowing) in the southern hemisphere (Brazil, 
South Africa, India), but is also known to occur in Great Britain (so), 
does not so far as present evidence goes appear to reproduce by motile 
cells. Moreover, the cells contain more or less numerous parietal 
plate-shaped chloroplasts with pyrenoids (fig. 36 A, c), a rather 
unusual type among Volvocales. The colonies, which in some species 
are microscopic but in others form extensive gelatinous expanses, 
exhibit considerable differences in detail (fig. 36 B, F), but are essen¬ 
tially formed in the following manner. The reproductive cells, floated 
on to a suitable substratum, become attached by the secretion of a 
mucilage-cushion (m) at one end of the cell and gradually assume a 
more or less erect position ((87) p. 215) (fig. 36 C-E). Soon the proto¬ 
plast divides more or less obliquely into two or more parts, which 
become enveloped by membranes of their own (fig. 36 H) and proceed 
to enlarge, whereby the wall of the parent-cell is dilated and ultimately 
broken open at its upper end (fig. 36 I). The daughter-cells then 
become fixed by basal mucilage-pads to the inner surface of the 
ruptured wall and, according to the exact positions which they take 
up, different types of colonies are produced (fig. 36 B, F). These have 
been described in detail by Iyengar who has been able to relate the 
different types to the elastic properties of the successive parent-cell 
membranes and the exact mode of division. Reproduction seems to 
be effected by the liberation of the contents of terminal cells, which 
usually di"’ .• into more numerous parts than in the ordinary' divisions 
of the colony (fig. 36 J). 
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In Ecballocystopsis (88) the division of the protoplast is practically 
transverse and the parent-membrane gelatinises completely except 
for the end-pieces which persist for a considerable time as a number 
of strata between consecutive generations. This results in a definite 
filamentous habit. 

Hormotila mucigena Borzi ((13) p. 99) is a dendroid form, occasionally 
found on damp rocks and other similar substrata or attached to sub¬ 
merged objects (fig. 34 K). The spherical or ellipsoidal cells, which 
often possess thick stratified walls, are placed at more or less regular 
intervals in branched mucilage-cylinders, commonly showing con¬ 
centric lamcllation. The cell-structure is uncertain, some accounts 
speaking of a single chloroplast, others of a number of small ones. 
Biflagellate swarmers are formed in large numbers by the division of 
the contents of enlarged cells, from which they are liberated by a lateral 
rupture (fig. 34 L). This is the only member of the suborder in which 
the reproductive cells differ markedly from the vegetative ones. 

The Chlorodendrincac are no doubt an artificial group, linked 
solely by the habit of forming dendroid colonies. Nothing, however, 
is to be gained by merging them in the Tctrasporincac, as is usually 
done. It is probable that the individual genera arc more nearly allied 
to diverse members of the Chlamydomonadincac than to one another. 
Some, as has been pointed out, are evidently closely related to free- 
moving forms, as seen in the readiness with which motility is assumed 
and the frequent presence of stigma or contractile vacuoles in the 
sedentary cells. Others, like Ecballocystis anil Hormotila, appear more 
remote, the former in the absence of swarmers, the latter in the 
possession of differentiated swarmers. In these respects they may be 
said to have advanced in the direction of the more definitely sedentary 
Chlorococcales. 


CLASSIFICATION OF TIIE VOLVOCALES 

The previous considerations will have shown that it is impossible to 
draw any sharp limit between the three suborders dealt with in the 
preceding pages. The majority of the Tetrasporineae arc but little 
removed from the Palmclla -stages of the Chlamydomonadincac, anil 
the more typical members of the Chlorodendrineae are mere motile 
types which have acquired the habit of a temporary sedentary 
existence. In both series, however, the motile habit is reassumed with 
the greatest ease, often with little or no modification of the vegetative 
cells. The fact that these derived forms sometimes show chloroplasts 
of a special type oes not speak against a close affinity, since con¬ 
siderable diversity in type of chloroplast is met with even among the 
Chlamydomonadaceae. 
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The outline classification appended below is intended to afford an 
oversight, and no further discussion of the principles involved will be 
attempted. All the motile forms can conveniently be classed in the four 
families Chlamydomonadaceae, Sphaerellaceae, Polyblepharidaceae, 
and Phacotaceae. There does not appear to be any valid reason for 
separating the colonial from the unicellular types. 

(«) Suborder Chlamydomonadineae: 

1. Chlamydomonadaceae : Brachiomonas, Carteria, Chlamydobotrys, 
Chlamydomonas, Chloroceras, Chlorogonium, Cymbomonas, Eudorina, 
Furcilla, Gonium, Hyalogonium, I.obomonas, Mastigosphaera, Olt- 
mannsiella, Pandorina, Parapolytoma, Pascheriella, Phyllomonas, 
Physocytium (?), Platychloris, Platydorina, Platymonas, Plcodorina, 
Polytoma, Scherffelia, Scourficldia, Sphaerellopsis, Spirogonium, 
Spondylomorum, Stephanoon, Tetrablepharis, Tussetia, Volvox (?), 
Volvulina. 

2. Sphaerellaceae: Sphacrella (Haematococcus), Stephanosphaera, 
Volvox. 

3. Polyblepharidaceae : Chloraster, Collodictyon (?), Dangeardinella, 
Dunaliella, Gametamoeba, Hyaliella, Medusochloris, Phyllocardium, 
Pocillomonas, Polyblepharides, Polytomella, Pyramimonas, Racibor- 
skiella, Spermatozopsis, Stcphanoptcra<4s.*> 7 >. 'i'richloris. Ulochloris. 

4. Phacotaceae: Chlamydoblepharis, Coccomonas, Dysmorpho- 
eoccus, Phacotus, Pteromonas, Thoracomonas ((no) p. ig 2 , (207)). 

(b) Suborder 1 'etrasporineae: 

5 - Tetrasporaceae: Apiocystis, Gloeochaete, Porochloris, Schizo- 
chlamys, Tetraspora. 

6. Palmellaceae : Asterococcus, Chlorophysema, Coccomyxa, Ela- 
katothrix (?), Gloeocystis, Palmella, Palmodictyon, Palmophyllum, 
1 seudotctraspora, Rhodoplax, Sphaerocystis, Tetrasporidium. 

(c) Suborder Chlorodcndrineae: 

7. Chlorodendraceae : Chlorangium, Ecballocystis, Ecballocystopsis 
liormotila, Malleochloris, Prasinocladus, Stylosphaeridium. 
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Order II. CHLOROCOCCALES 1 

Chlorococcum and Chlorella 

^nfTh" 8 the u n, cellular Chlamydomonadineae asexual reproduction 
o^e individual 18 ° ft A n P receded b y withdrawal of the flagella and 
ce^anon of movement) If this brief motionless phase become in- 
fn 7 pr °!° n f d at/the expense of the period of free movement 

shell (figs 3 ^37 of wfth an Zr ,S 1 P ^' a,m ° St Spherical 
of the cdl.a s ngi pvren 0ld oSn K re ° f width at °"e side 

side of the sphere ThU cr ? be,n S embedde d in the opposite. 

and for the fatof bTe^maX brieTdi ° f ™>;. Cbl <>-°cca,es 
In the older and larger cells (fie 77 chlorococc <”d’ , ; . 

Some of the older cells may accumulate a veil™ P ?. renoids ( P ) oc ™h 
red pigment is often dissolved which render^ 0 ' f" wh,ch a bri g ht 
Such cells represent resting stages The a I if th |? structure obscure, 
multinucleatc (fig. 37 E) & g ' he adult cel,s gradually become 

i„ S «„ h ^ 7„ aChed * — successive 

(fig. 37 A, G), each **" par,s tak « PUce 

(fig- 37 B), and then by of "‘iT^"4eU« 

swarmers (zoospores) (fig Y , 7 p) are set f membra ne these naked 

as in many filamentous Algae thev are oft?*' ** tbe,r ** ret bberat «on, 
vesicle which in a few s 

ment the flagella are withdrawn the zoo^nnf 3 5 en ° d ° f move - 

the formation of a cell-membrane a P r ° Unds off and, with 

When several swarmers settle down closeYo^th'^ P K haSe * S initiate <}) 
form a stratum, in which the individuals are ofte the f rcsultin * <*2 
! nd ^ ue ntly become angular as the result of ° f VW ? Une< l ual 

a< ?t* to 

t S h‘ e nC o e if d —• ' f the " a «« be^retainedaTaff ° ltmanns - Br unnthaler. etc 

* See (f fw 3 VT Sh ° U,d be abandoned. ’ n ° l 3 member of this order! 

'* (75), (2ai) p. io^ 
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unequal size) The fact that apparently the same swarmers can develop 
independently or behave as gametes indicates a low stage of develop¬ 
ment, and such a state probably obtains in many of the simpler 
Chlorococcales. It may be noted in this connection that no case of 
has been reported in this order. 

the life-history of species of Chlorqcoccum production 
37 A) has often been observecDalthough it is not 





Fig. 37. A, B, D-H, Chlorococcum humicolum (Naeg.) Rabenh.; A, group of 
crowded cells, one with aplanospores (a); B, G, swarmer-formation; D, young, 
and E, older cells; F, swarmer; H, fusion of swarmers. C, I, C Hloreua 
vulgaris Beij.; C, single cell ; 1 , stages in division, n, nucleus; p. pyrenoid. 
(D, E, H after Bristol; C, I after Grintzesco; the rest after Beijennck.) 


known how readily this occurs in nature/These “ arrested swarmers ’ 
fcf. p. 41) are often formed in considerable numbers, and it appears 
that the phenomenon may be repeated for more than one genera ion, 

with the development of palmelloid stages ((«> p. 4 / ) 

may ultimately fall apart and resume the normal vegetative phase o 

be liberated as swajmers. In any case the aplanosponc state of 

* Much the same life-history is reported by Bold (.4) f 

C. infusionum, although he did not observe sexual fusion (of. also (204)). 
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Chlorococcum plainly shows the manner of evolution of such a form 
as Chlorella(Ts.So) where new individuals are always formed straight 
away within the parent cell%nd swarmers are never produced (fig. 37 
C, I). This is in fact the only feature that clearly distinguishes 
the two genera, although the cells are usually smaller than those of 
Chlorococcunfcj^ A certain number of Chlorococcales produce swarmers 
like ChlorocOccum, but a much larger number seem to lack them and 
to reproduce after the manner of Chlorella\ Such a contrast between 

zoosporic and azoosporic forms is met with in all the coccoid series 
of*the Algae. 

(Brunnthaler<28) employed this feature in the classification of the 
or»er, the Chlorococcales being grouped into ^oosporinae (zoosporic 
forms) and Autosporinae (azoosporic forms)^ Oltmanns(. 4 o) and 
others have adopted much the same principle. Whilst such a grouping 
is convenient for systematic purposes it no doubt obscures affinities 
(ct. < 7 a>), since it is probable that complete suppression of motilitv 
occurred again and again along different evolutionary lines. This 
matter will be further discussed later, but it is well to bear in mind 

TsTen^u ?^ r °:° COC ^ aIes f are almos L t certainly polyphyletic. They are 
essentially freshwater, forms with a very manifold development 

maririe ^1 p,ankton ‘ The >’ a PP ea «- to be entirely lacking in 

marine plankton (153). B 

The Unicellular Chlorococcales 

The genus Hypnotnonas of Korschikoffco differs principally from 
™° C0CCU : the P resence of a P air of contractile^ vacuoles' in the 

18 Cl ThehT aS IT 3t ° nC S ' de ° f the cu P‘ sha Peti chloroplast (fig 

wh^tdlfferenrstnjct^e77V^o*LiW^! 1 ! 0rOCOCCa F%^ OSSeSS a some ~ 

central pyrenoid; the nucleus is situated and h f r ^ )ounn g a 

chloropUtyfig. 38 D). The £%£?^r°Lt 

indistinguishablV r h enders ,h ™ 

quiescent stage that turns the balance in favou" 



CHLOROCOCCALES 


148 

quite similar to those of Chlorococcum (cf. fig. 38 A, B), although when 
a constituent of the lichen-body(^r£6ow,x?a only forms aplanosporesA 
Jaag ((95) p. ioijfhas observed a copulation of similar or dissimilar 
biflagellate gametes}(fig. 38 H, I) in pure cultures of the gonidia taken 
from species of Parmelia. 



Fig. 38. A. B, H. I, Trebouxia Parmeliae Chod. (after Jaag); A, B, formation 
and liberation of zoospores; H, I, formation of gametes and sexual fusion. 
C, G, Hypnomonas chlorococcoides Korschik. (after Korschikoff); C. cell in 
optical section; G, swarmer. D, Trebouxia humicola Treboux (after Chodat). 
E, Dictyococcus variant Gem. (after Gemeck), the lower figure showing part 
of the chloroplast in optical section. F, Apiococcus consociatus Korschik. 
(after Korschikoff). n, nucleus; p, pyrenoid; s, stigma; v, contractile vacuole. 

Korschikoff (no) describes a similar aquatic form under the name 
of Apiococcus which, like Hypnomonas , is characterised by the presence 
of a pair of contractile vacuoles in the ordinary vegetative cells 
(fig. 38 F). The swarmers behave as gametes, the resulting zygote 
giving rise directly to a new vegetative individual. 1 Borodinellabssa) 

1 It may perhaps be doubted whether there are sufficient differences to 
warrant a generic separation from Trebouxia. 
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is an allied type with a similar cell-structure in which groups of cells 
arranged tetrahedrally cohere to form larger colonies. 

In other genera the chlorophyll-apparatus consists of several or 
numerous parts. In Gerneck’s Dictyococcus( 7 s.i 6 z) there are a number 
of parietal lenticular or polygonal plates without pyrenoids, some¬ 
times bearing short processes on their margins which extend into the 
interior of the cell (fig. 38 E). The swarmers are formed in large 
numbers by simultaneous division of the contents and aplanospores 
are also known. 1 In Eremosphaera vindis (131.137), which is widely 
distributed, especially in Sphagnum-bogs, the large thin-walled 
spherical cells harbour numerous chloroplasts occupying the parietal 
cytoplasm, as well as the centrally directed protoplasmic strands 
(fig. 39 A). The individual chloroplasts vary somewhat in shape, but 
each possesses a conical projection directed towards the centre of the 
cell and encloses from 1-4 pyrenoids. Under one-sided illumination 
the chloroplasts accumulate on the side adjacent to the source of 
light (.88) No formation of swarmers has ever been observed in this 
case, multiplication being effected by division of the protoplast into 
24 parts which, after secreting membranes, are set free as new in¬ 
dividuals (fig. 39 C, D). Reichardt(. 7 8) records the formation of as 

n if apla, ? os P ores - The two forms just mentioned, and 
especially Eremosphaera , are clearly specialised types, but it may be 

tfdMdIbTplasS h,amydom ° na! forms k "°™ with a number 

of?he'I g T are characte , rised b y complications in the structure 
of the membrane or in the shape of the cell. The species of Micrac- 

timum (including Golenktnia ChodatOa), RichterieUa Lemmermann 

(fig. 39 I). Reproduction taktphce bTaplanospo^ (fig 
iTSST ^similar S™ is" 31 ”" T ai " ^ 

or Im^lam^grourfd Shave's'mtunbran^ 3 ' cc ^ s ^ 0l ^ nd mquietwater 

doubt independent forms. In thte the’ l^er-c'enstc'^rVaH Z 

Chlorella does t^Ch/oiococcl ■«.**°" S **** Same relation to pyococcus as 
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characteristic markings of the parent before liberation, i.e. they are 
so-called autospores. The cell-structure appears to be chlorococcoid 
(p. 145), but older cells commonly contain several parietal chloro- 
plasts with pyrenoids, perhaps as a preparation for division. 

( Tetraedron(i2t,J44.i73.203) has cells which are either flattened and 



Fig. 39. A-D, Eremosphaera viridis De Bary (after Moore) ; A, cell in optical 
section; B, rejuvenescence; C, D, formation and liberation of daughter-cells. 
E, F, Trochiscia aspera (Reinsch) Hansg. (after West); F, development of 
daughter-individuals and, on the right, an empty membrane. G, T. reticularis 
(Reinsch) Hansg. (after West), membrane only. H, I, Micractimum radiatum 
(Chod.) Wille (after Chodat); H shows escape of aplanospores. J, Borgea 
planctonica Smith (after G. M. Smith). 
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angular or polyhedral, the angles commonly bearing simple or forked 
spines (fig. 40 A, B, H). In most cases the chloroplast appears to be 
a parietal curved plate, with or without pyrenoids, but there are also 
records of a number of chloroplasts)(preparatory to division ?). Many 
of the species ” of this genus are again under suspicion, as Tetraedron- 
hke stages are known to occur in the life-cycles of Hydrodictyaceae 
(ct. p. 173) and other Chlorococcales, while some may well be the 
resting stages of other Algae. (Fpr a number of species of Tetraedron 
however reproduction by autospore-formation (fig. 40 C D) has 
been established, the new individuals being formed by simultaneous 
division of the contents(., S ) (fig. 40, E-G); after being set free by 

vesicleS° f ^ ^ ^ ° ftCn tem P orari, y enclosed in a delicate 

A more peculiar form is constituted by DesmatractumUs8 > l in which 
the free-floating cells possess two envelopes, separated by a more or 
less wide space containing aqueous mucilaee (fii? ao I T\ Tk 
envelope is delicate and JoJy invests t£e '£&&& P ZpZ 7 

mmwm 

the formation of autospores; in either case held T* ^ 

Raping apart of the two halves of the 1 products esca Pe by the 
Octogoniella (,58), found on the green cells of'^LT' ^ Cpip J) ytic 

“ssrrsssr ; s ^^r ^ 

stituent of snow-floras. * N) * S ° far ma,n| y f °und as a con- 

sr* in - 

asymmetrical, while'they are invariahl g ,° r f us ‘ form ceI,s are often 
a short stalk expanded into a small batal*? 1 ^ 3 Substratum by 
parietal chloroplast which oontail one o (% 41 A ~ E >- The 
rather diffuse**.,,, p. 460) (rhe" a?" * ™ re Pyrenoids is often 

by means offrflagellate zoospores which^T^ ° f K reproduction «s 
or successive division of the protoplast (fig^ It Tn and S ' mU ,'K ne ° US 
through a terminal or lateral aperture.* Z C. 7 Z 

( 4 «. 46 ..,,, and ** $Ctibtd Under the names Bernardinella 

cell, ro—m'an of the e mpty mother . 
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Fie. 40. A, Tetraedron horridum West. B-G, T. minimum (A. Br.) Hansg., 
C, D, formation and liberation of autospores; E, F, cleavage of the multi- 
nucleate protoplast; G, young autospores H, T caudatum ! 

I-K, Desmatractum bipyramidatum (Chod.) Pascher, I, cell from > 

J, oblique end-view; K, liberation of .warmer, L, 

Pascher, single cell on fragment of leaf of Sphagnum. M, N, Scotxella 

antarctica Fntsch; N, oblique end-view of the nbs. n "^i^Korech kdT ! 
(A after Printz; H after West; I, K. L after Pascher; J after Korschikott, 

M, N after Fritsch; the rest after G. M. Smith.) 






Fig* 4 1 * A, Characium Brunnthaleri Print* n r* •#*. * 

c, C. longipes (Rabenh.) Borzi D F- C J’S,' gr °.? I,pes Lambert, 
individual; J, group of individuals forming SQ ccatum Filars.; D, young 
tion of zoospores; G zoos P ores and gametes; H, libera- 

latum RabeAh. K, O ‘T 1 E, C. apicu- 

the crust of Cruoria; O swarmer formatTn^^’ mdividua, s within 

Characiochloris f PriMZ ' M ’ N ’ 

/>» pyrenoid; r, upright threads nf r„L' rmer - chloroplast; n, nucleus; 
Lambert; D, F-J after Z e , con tractile vacuole. (B after 

O after Kuckuck; the rest afte^Printz.f 1 " C ° hn; M ’ N after Korsc h>koff; 
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turn anisogamous sexual reproduction (fig. 41 I) has been recorded, 
and in the latter there are stated to be distinct asexual and sexual 
individuals, the latter producing micro- or macrogametes (67.183)1 We 
are indebted to Pascher(is7) for the discovery of a colourless sjTecies, 
while Korschikoffoi4) has described forms in which numerous 
scattered contractile vacuoles are found in the cells (fig. 41 M, N). 
These are referred (114. «ss) to an independent genus, Characiochloris , 
but the differences from the ordinary species of Characium are slight. 
Petrova’s Tetraciellat 163) has quadriflagellate swarmcrs. 

Codiolum (19.55 a. 08. 170), 1 the majority of whose species are marine, 
occurring on rocks near high-water mark, is a more highly dif¬ 
ferentiated type. The elongate and rather large cells possess an 
extensive parietal reticulate chloroplast containing several pyrenoids 
and bearing internally directed processes(<>8). Most of the species 
occur freely, but C. petrocelidis Kuckuck (116.n6«) is an endophyte 
in the crusts (fig. 41 K) of various Florideae ( Petrocclis , Cruoria, 
etc.). The quadriflagellate swarmers are formed bv successive 
division of the cell-contents (fig. 41 O); they are pear-shaped with a 
pointed posterior end. Those of C. petrocelidis settle down on the 
surface of the host and put out a narrow rhizoid which penetrates 
between the upright threads (fig. 41 K, /) of the latter. As these 
lengthen the Codiolum is gradually enveloped and ultimately com- 
pletelv buried. According to Zimmermann (231) during this process 
the cell-contents rotate through a right angle, so that the chromato- 
phore of the swarmcr comes to lie laterally. Subsequently both the 
rhizoid and the body of the original swarmcr widen to form the more 
or less clavate mature cell, at whose apex the membrane is commonly 
specially thickened. Bifiagellate swarmers (possibly gametes) are also 
known in certain species of the genus. There are considerable resem¬ 
blances between Codiolum and Protosiphon (cf. p. 370). 

The Endophytic Habit among Chlorococcales 

y m 

^The commonest of the endophytic genera, which are all zoosporic, is 
Chlorochytrium , 2 a form rather closely allied to Chlorococcutn\ The 
swarmers (fig. 42 C, D, sometimes zoospores, sometimes 'motile 
zygotes produced by sexual fusion) settle down on the surface of 
various aquatics, especially commonly on species of Lemna. After 
forming a membrane a tubular prolongation grows into the "host”, 
either through a stoma or between two epidermal cells (fig. 42 B, s), 
and swells out within one of the intercellular spaces. Here it forms 
a large ellipsoidal, sometimes lobed cell which receives all the proto¬ 
plasmic contents of the swarmer and slowly grows until a new re- 

1 According to JordeU35) the zygotes of Urospora develop into Codiolum- 
]ike stages (p. 241). 2 See (20), (ssM, «>8). 



ENDOPHYTIC FORMS 


J 55 

productive phase sets in (fig. 42 A, r). In the autumn the cells sink 
to the bottom with the dying Z.ew//tf-fronds, etc., and remain dormant 
until the spring. The wall of the resting cells is commonly thick and 
stratified and may exhibit local excrescences (fig. 42 F, G)£The 
chloroplast in the mature cells of C. Letnnae (23) assumes a complex 
structure, apparently consisting of numerous parietal lobed plates or 
of an interrupted parietal layer, with a number of processes pene¬ 
trating into the interior^/according to Bristol ((23) p. 5) these processes 
radiate^out from a central mass (fig. 42 F)./Several pyrenoids are 
present Jfig. 42 G,/>). v ' 

\J) spite of the abundance of Chlorochytrium Lemnae its reproduction 
is not yet altogether clear. Biflagellate swarmers are produced to the 
number of 256 by successive division (fig. 42 H, I) of the contents of 
the endophytic cells and, according to Kurssanow and Schema- 
khanowaoig), the first two divisions are meiotic, so that the longest 
stage in the life-history is in this case a diploid one. The swarmers 
escape by rupture of the wall and of the surrounding tissues of the 
host, enclosed in a wide mucilage vesicle within which copulation 
apparently often occurs (fig. 42 E), although complete liberation prior 
to sexual fusion may also take place. The quadriflagellate zvgotes 
(hg. 42 D) seek out a new host and penetrate into the interior’in the 
way already described)This appears to be the normal course of the 
life-history and it seems that there may be several sexual generations 
in a single season. Liberation of the swarmers without fusion has 
however, also been observed and such swarmers can likewise invade 
a new host; the Russian workers above cited are of the opinion that 

r™ l, S '7 rmerS “ re ? rmed fr ° m haploid races that have arisen as a 
result of apogamy. It is commonly stated that swarmers which fail 

3 | h ° St PenSh * but U ,s do,,btfuI whether this is of quite 

Ce " S ° f Ch, - h ^ ^.en.lyU 

Sr* p.vzLTz'rz ~ ^ m 

cystYs Q coLnZ\ a STc“tlZ ,c 7 luc< ';’- c . CohM 

i: 

also in lower animals.^ For C the f ° rmCr 

quadriflagellate swarmers invading the host descHb^ 

of galls in the , eaf 

a green alga. appcar certa,n the form involved is 

hal . 



Fig. 42. A-I, Chlorochytrium Lemnae Cohn (F, G after Bristol, the rest after 
Klebs); A, resting cells (r) in leaf of Lemna ; B, penetration of zygote (r) into 
host; C, swarmer; D, zygote; E, liberation of swarmers (*) into vesicle (6), 
the outline of the membrane (w) of the resting cell below; F, G, structure 
of resting cells; H, I, division-stages of same. J, K, C. Facctolaae (Borzi) 
Bristol (after Borzi); K, escape of swarmers. c, chloroplast; n, nucleus, 
p, pyrenoid. 
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the protoplasmic contents in passing into the interior rotating throu^Fi 
180 , so that the polarity of the swarmer is completely inverted. 
Another common species is C. Facciolaae (C.gloeophilum Bohlind3.i38)), 
for which Printz (O71) p. 88 ) still maintains Borzi's genus Kentrosphaera 
(ds) p. 87 ; cf. also (178)); the resting cells, which show peculiar localised 
projections of the thick membrane (fig. 42 J, K) are commonly found 
among the filaments of diverse Oscillatoriaceae, as well as among those 
of marine Cladophoraceae. 


A further development of the endophytic habit is seen in the genus 
Phyl/obiumu 04), of which P. dimorphum Klebs forms its resting cells 
along the principal veins of the leaves of Ajuga, Lysimachia , etc., 
while P. sphagnicolum West (2.8) is found on Sphagnum (fig. 43 B).’ 
The former species has been studied in detail by Klebs. The 
vegetative body is composed of branched coenocytic threads (cf. 
fi g- 43 C), which may exhibit occasional septa and which swell up at 
certain points to form elongate or globose resting cells (gametangia) 

k t 3 . g ^‘ The ,atter accumu,ate all the protoplasmic contents of 
the threads and appear as bright green nodose swellings on the leaves 
ot the host; in some cases they are coloured red by haematochrome. 
I he chloroplast in these gametangia appears to be similar in 
structure to that of Chlorochytnum. The gametangia (fig. 43 D) either 
produce large macrogametes in limited numbers or more numerous 
m.crogametes, about half the size of the former; both are 
biflagellate. Sexual fusion (fig. 43 E) is stated always to occur between 

5 “" *?«?• thC m,cr °S amete bein g completely engulfed 
y he other, so that the zygote possesses only two flagella. In addition 

aonTarT for ” ied relatlve J.y S ™11 resting cells with a thick wall, which 
appear to anse directly from the tubular prolongation sent into the 

whi hC SWarrn f. r> and these g' ve r «se to large biflagellate zoospores 

ram^fvfh rmin |I te k d,reCtly ’- In s P ha 8 nicolum the vegetative threads 

sasraasr ■■ ■ "4 

Many authorities regard Laeerheim’* (1 . ■ 

does no, appear be a D Dreciib „ H UC 'V fT 11 '™" 5 *’' Thc ■»« 

locally destroyed (78). (The frequent red^l ' 3 thou ® ,v the phloem is 
parasite (fig. 43 F ) is dtie to C ° ,our ° f the thrcads of the 

swellings (fig. 43 H) wh ich(produ{e 
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anterior end (fig. 43 G). These are either isogametes or zoospores; 
according to Griggs they copulate only when there is a deficiency of 
\vateh> In the later part of the season the swellings develop into resting 
cysts which, like other parts of the organism, harbour abundant starch. 
This genus shows certain resemblances to Chytridiales which may or 
may not be of significance. 



Fi„ A, D, E, Phyllobium dimorphwn Klebs (after Klebs); A, gametangium 

O') at the end of an empty thread ; D, liberation of gametes ; E sexuafu ton. 
B C , P. sphagnicolum West (after West); B, resting cclb on 5p;,^,mm leat, 
C structure of chloroplast. F-H, Rhodochytnutn spilantfitdis Lagerh. ( 
Lagcrheim); F, part of a branched thread ; G, swarmer; H, resting cell. 
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The Colonial Chlorococcales 

In the preceding matter a number of the principal unicellular members 
of Chlorococcales have been described. Many genera of this order 
are, however, colonial forms and most of these appear to be azoo- 
sporic, although a discovery of motile reproductive stages in the one 
or the other would not be surprising. Their classification presents 
certain difficulties and no two authorities are in agreement as to the 
underlying principles to be chosen. Since a natural classification is 
scarcely possible in the present state of our knowledge, it is easiest 
to group these forms in accordance with the type of colony produced, 
so that the following consideration in the main epitomises the prin¬ 
cipal types of colony-structure found among the Chlorococcales. 

Chlorellaceae. Radiococcus (.86) is a colonial member of the Chlorel- 
laceae (comprising Chlorella, Micractinium , Trochiscia , etc.), in which 
four tetrahedrally arranged chlorococcoid cells are enveloped in a 
wide spherical mucilage-envelope which occasionally shows a radiate 
structure (fig. 44 A); the cells are globose or, just after division, 
angular as the result of mutual pressure. Reproduction is effected 
by the formation of four-celled colonies within each cell of the parent 
after which the membrane breaks into a number of pieces (fig. 44 B)’ 
the remnants persisting for some time at the periphery of the new 
group, beveral such daughter-colonies may be found enclosed within 
a wider mucilage-envelope (fig. 44 B), but it appears that they or¬ 
dinarily become free soon after their formation, since four-celled 
colonies are much the commonest. 

sdSKET J hc *y pc g enus of the Oocystaceae, has many 

species which occur singly, but a number are colonialfthe cells are 

possesn a firm OV °h eU, P so ' da ‘with rounded or poiLd ends and 
fhiX h n ' cmbrane wh,ch ,s often Provided with an internal 
Ind the'r" 8 3t C ?, (fig ' 44 C) - The ch,oro P lasts are always parietal 
lobed nL, are T a I> ' f VCral ’ the >' take the ^rm of discs or stellateh' 
fReJ H S and former are in most cases devoid of pyrenoids) 

r ' S L effeCted by the divisio " of tbe cell-contents in^ 

Clnsome fnT 8 ' ^ Y becomin g free soon after their formation^ 

W P h ICS e ' g ‘ acustns Chod.os), O. panduriformis West, 
tlfe - H T eVer> u thCy rema,n enclosed in small groups within 

0 5 nlT rc d me ^ brane of the Parent-cell, whilst in others like 

may t enclosedm^H 80 ^ 44 E) ’ SCVeral succ \ ssi ' e generations 
j nciosed in this way in a common enveloped 

altho^ghTfew occuVfnbra °? 0 ° CyStis ar e freshwater plankton forms, 

Lagerheinna and C/LZ n ^ "T"' Thc aIlied S enera France,a, 

greater specialisation to th ° \ * L- the main non -colonial and show 

membrane is produced ^ m ° dt * ° f Ufe in the fact that the 

produced into a number of bristles. In Franceia^s) 
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these are numerous and evenly thin throughout their length (fig. 44 F), 
whilst in Chodatellai 125,218) they taper from the base to the apex and 
are commonly limited in number. In Lagerheimiain.nv) there are 
always four, more or less symmetrically disposed bristles which exhibit 
a wart-like thickening at the base (fig. 44 I). Many systematists include 
Chodatella in Lagerheimia. 

It is of interest that Wille(227) has recorded the occurrence of 
Tetraedron-\ike stages (fig. 44 H) in the life-cycle of O. submarina 
Lagerh.; after a period of rest the contents divide to form a number of 
the typical cells of the species (fig. 44 G). 


O. rather more specialised form than Oocystis is represented by 
Nephrocytium (35. *44), where the cells are usually rather elongate and 
commonly curved, being sometimes almost reniform (fig. 44 K); 
there are no polar thickenings. The chloroplast is a large curved 
parietal plate with a pyrenoid. The cells to the number of 2-16 are 
placed peripherally within a well-defined mucilage-envelope which 
is derived from the membrane of the parent^fig. 44 K). In N. eedysis- 
cepanum West (222 a) the membranes of dividing individuals become 
thick and stratified, the outer layers remaining firm and sooner or 
later splitting open on one side, whilst the inner ones become highly 
gelatinous and enclose the daughter-individuals. When these in 
their turn divide, the same thing happens and thus fan-shaped 
aggregates of some size arise which display the firmer layers of the 
successive membranes more or less fitting into one anothefTfig. 45 A). 
The method of colony-formation shows analogies with that charac¬ 
teristic of the Dictyosphaeriaceae (p. 163) and there are also resem¬ 
blances to some of the Chlorodendrineae ( Ecballocystis ). 


A peculiar form, probably related to the Oocystaceae, is Gloeotaenium 
.Loitlesbergerianum Hansg. 1 which occurs occasionally in moorland waters. 
(The ellipsoidal or globose cells are found singly or in twos or fours 
(rarely eight) within a thick stratified mucilage-envelope and are 
separated from one another by mucilagd(fig. 45 B-D). When four cells 
are present they are arranged in one plane or more rarely tetrahedrally. 
The single-celled colonies arise by fission of the two-celled ones 
((92) p. 423).(The chloroplast is a parietal plate with a pyrenoid.) 

The characteristic feature lies in the presence, within the outermost 
layers of the envelope, of bands of doubly refractive calcite which 
appear grey or almost black. These bands are deposited along the lmes 
of division of the cells, being transverse in the two-celled (fig. 45 B » 
but more or less cruciately arranged in the four-celled colonies (tig. 
ac C). In addition there are polar (/>) and, in the four-celled colonies, 
equatorial caps (e) of calcite deposited in slit-shaped spaces within the 
envelope. According to Transeau (208) reproduction is effected by a 

1 See (84) (92), (199), (200), (208). There is some doubt, in view of the different 
appearance of the side-view, whether the forms studied by Transeau and 
by Huber-Pestalozzi may not belong to distinct species. 
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great increase in the size of the cells, accompanied by disappearance 
of the envelope except for the bands which hold the cells together for 
a period. When the latter are liberated they have thick or thin mem¬ 
branes, the former type constituting resting cells. Division of the cells 
to form daughter-colonies may, however, also occur whilst still en¬ 
closed in the envelope of the parent-colony ((<*) p. 463). 



m!n) U C A n^f i0 , C ° CCUS ™ mbatus < De Wild.) Schmidle (after De Wild. 
West) E O ^lnfn S ° rr na and D » P a ”duriformis West (both aft. 

Si ® org ' ‘“ f >" F, France ovali, (Franc 

Six n 8 a cr)Cho"d d w,e f °ttd o » o f '• >■ 

cytium AiardH of au.ospores. K, Ne,hr. 
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The Oocystaceae may be said to exhibit one of the simplest possible 
methods of colony-formation in that the cells are held together merely 
by the gelatinisation of the membranes of the parents. A greater 
degree of specialisation is perhaps to be presumed in those cases in 
which there.is a localised secretion of mucilage to hold the individuals 
together, as in a number of forms that are conveniently classed as the 
Selenastraceae ((221) p. 127). The wide envelopes of general mucilage 
to be found in some of these forms (as also in Radiococcus) art probably 
in the main to be regarded as an adaptation to the planktonic mode 
of life (cf. (146)). 



Fie. 45 - A, Nephrocytium ecdysiscepanum West (after West), compound 
colony B-D, Gloeotaenium Loitlesbergerianum Hansg. (after Stockmayer); 
C, a four-celled colony; D, two-celled colony seen from the side, e, equatorial, 
and />, polar caps of calcite. 


Selenastraceae. In a number of these forms the loose colonies are 
merely produced-by the cells cohering at some point of their surface, 
' Dactylococcusi. 39.144) (fig. 4 6 D )» X Selenastrum, and Ankis- 

■" . . . - _,. m 'll *11 a „ 4. U /v o a r\ o I 


as in L/UtiytUtuctMO \jyi ‘tt/ \“b* "T~ — /’ ' • | 

trodesmus (Rhaphidium ). The figures will illustrate the essential 
features without a lengthy description. There can be little doubt that 
cohesion in these forms is due to local developments of mucilage 
although these are usually difficult to detect Yin Selenastrum t(ng. 46 A) 
the lunate cells are apposed by their conveVsurfaces\ Kirchnenella 
(33.,84.2.8), common in the plankton of lakes, is very sitfiilar, but here 
the cells are aggregated in one or more groups within a wide munilage- 

CI ^he P ne ( ed 1 e-thaped cells of Ankistrodesmus are to be found singly 

1 Cf. p. 176. Some authorities(228) have doubted the independence of 
this genus. 
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or in bundles in all kinds of freshwaters. 1 The cells possess a single 
parietal chloroplast occupying the greater part of the length of the 
cell and with or without pyrenoids>(fig. 4 6 E)./The daughter- 
individuals (autospores) are formed bv two successive transverse 
divisions of the protoplast (cf. also fig. 46 C of Kirchneriella ), pre¬ 
ceded by division of the nucleus into four (o 4 8) p. 63), the products 
growing past one another till they assume a parallel arrangement') 
(hg. 46 b). The division is often described as oblique, but this nS 
probably based on observation of the accomplished process, when the 
new protoplasts are commencing to elongate. In some species there 
is also crosswise division into four or longitudinal division ( ( , 4 s) 

p. 65). (The autospores are liberated by gelatinisation or rupture of 
the membrane of the parent.} 

/In Ankistrodesmiis falcatus var. stipitatus, an attached form, the 
membrane of the parent-cell opens at one end, and the daughter-cells 
o ten become fixed at the aperture as a radiating tuft (fig. 46 G) If 
this is repeated characteristic dendroid colonies arise (37. a ? 3 )?Y4c/,V/«- 
miwm(« 3 s. 139.197), 2 reproducing by zoospores, forms colons in the 

onhe W s a ni^l K ^ n swarmers produced by successive division 
latter J C,,S * , pa f ° ut of the gelatinised apex of the 

J n ( . g -. H *^) ? nd sett,e down there to form a radiating group 

tZ 7 ,ndl % ua W f ’g 46 I). Similar colonies are found in aLZ 

vTc ”;;r^r° n K Cells is CrOSSwise ' “*«»y into eight parts, 

mucilane a,The ^ ° f the P* rent -'vall. but cohere by 

at the,r P rox,ma l ends to form small radiating groups \ s 

division co,onies of some si2e 

fo£^f^ a(,6 ’ , d i fferS fr ° m Anki *trodesmus essentially only in the 

in planes™ right Tnrief tc^ two simultaneous longitudinal divisions 
in reimL 8h ? , t0 ° nc anothcr . the cells remaining embedded 
Sir f ° Ur the delicate mucilage produced by the 

b --ettr m 

•he Ta,™ mourn,*' f 8 Tbu“ccorSi^ ! r v" 1 7" “ u,e »»» in 

a Raphidonema (p. 2 6 2 ). acc °rding to \ ischer ((21 4 a) p. 82) this is really 

■ s« £ tSZZF* 8cnus °‘ belong ,„ 8 to , he Xanthophyceae. 
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Fig. 46. A, Selenastrum Westii Fritsch. fi, C, Kirchneriella lunans (Kirchn.) 
Moeb. : C/dividing cells. D, Dactylococcus bicaudatus A. Br. var. subramosus 
West. Ankistrodesmus falcatus (Corda) Ralfs. F, A. falcatus var. actculans 
A. Br., division. G, A. falcatus var. stipitatus (Chod.) Lemm. H, 1, 
Actfdesmium Hooheri Reinsch; H, L, liberation of daughter-individuals. 
yjlclinastrum Hantzschii Lagerh. K, Quadrigula closterxoides (Bohlin) Pnntz. 
p pyrenoid. (B, C, G after ChSdat; H, I, L after Miller from Pnntz; J after 
G. M. Smith ; K after Printz; the rest after West.) 
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chlorococcoid structure, are disposed near the periphery- and are 
connected together by a system of forked threads (fig.'47 A, t), 
radiating out from the centre and representing the remains of the 
successive parent-cell membranes^The four (rarely two) individuals, 
resulting from the division of the protoplast of the parent-cell’ 



'(S’KrS'S^*" ^' O0d J B ’ C. four- 


and D » ) ; n ? m T. a K dhdri "g ‘o the tips of the four lobes (fig 47 C 

™U up ,0 form thre a d-^f : ’q mbran K e S P IitS a " d Which suba oquently 
generations t . hread 5^( Sm ce this occurs in several successive 

There ”"^ etern^ZT ° f T f °“ r -“ lled gtoups re^t 

extensive mucilage-envelope showing numerous fine 
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radial striatior^ (fig. 47 C, D), but generally only visible after 
staining. \^Iultiplication is apparently in the main effected by dis¬ 
sociation of the colonies. Biflagellate zoospores have been recorded 
(134), but this, though in no way improbable, requires confirmation 
Westella (Tetracoccus (190,222)) is chiefly distinguished by the cells 
being disposed in one plane (fig. 47 E). 

In Korschikoff’s Dichotomococcus <m) the membranes of the parent- 
cells merely develop a longitudinal split, through which the daughter- 
cells (usually two) emerge, to remain clinging to its edges (fig. 47 F). 

[Very similar to Dictyosphaerium is the likewise planktonic Dimor- 
pnococcus (iV 56), which is apparently commoner in tropical waters. 
The mode^of colony-formation is the same (fig. 47 G), although there 
is often little or no enveloping mucilage.VThe four individuals arising 
from a parent-cell are disposed obliquely in one plane and are 
dimorphic, the two central ones of each group being ellipsoidal or 
>oblong, while the two outer ones are cordate or reniforrm(fig. 4.7 H). 
(The only method of reproduction known is by fragmentations 
Vw 'The colonies of the Dictyosphaeriaceae and of several of the other 
forms previously considered may be regarded as being composed of 
a number of coenobia (being compound coenobia or syncoenobia), 
since any individual cell gives rise to a new group whose members 
do not divide until a fresh phase of multiplication sets in. Coenobia 
of a more definite stamp are, however, characteristic of the Hydro- 
dictyaceae and Coelastraceae, which probably represent the most 
highly evolved types among the colonial Chlorococcales and are no 
doubt closely allied, although in Brunnthaler’s system (28) of classifica¬ 
tion they are referred respectively to the Zoosporinae and the Auto- 
sporinae. In the present state of our knowledge it is not easy to draw 
a sharp line between them. Moreover, it is possible that they may 
be more nearly allied to the coenobial Volvocales than to the simpler 
members of the Chlorococcales. Both here and there we have the 
apposition of what are essentially zoospores to form daughter-coenobia, 
although in the Volvocales the flagella are retained, whereas here 
they are lost. Both in the Volvocales and the Hydrodictyaceae too 
there is a liberation of independent swarmers in sexual reproduction. 


The Family Hydrodictyaceae 

To this family are referred Euastropsis , Pediastrum, Sorastrum, and 
Hydrodictyon ~ The coenobia of the first-named («*.) are composed 


1 Zopf ((232) P- 20) states that, according to Kirchner(io 3 ) also, there is 
swarmer-formation in Dictyosphaerium, but I have been una e 

mention of this in Kirchner’s work. included in this 

2 Probst(i7 3 ) suggests that Tetraedron should also be included in tn 

famify as Its simplSt representative. This is plausible, but must await the 
verification of the occurrence of zoospores. 
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of two flattened cells, joined along their straight inner margins, while 
the outer margins are widely notched, so that they present a super¬ 
ficial resemblance to an Euastrum (fig. 48 A), the chloroplast is 
parietal with a single pyrenoid (/>). Reproduction is effected by 
successive division of the protoplast to form 2-32 biflagellate zoo’- 
spores, which are liberated into a mucilage-vesicle through a tear in 
the parent-membrane (fig. 48 B). Within the vesicle they show a 
slight degree of movement, but soon round off and become arranged 
in pairs to form a number of new coenobia (fig. 48 C). The usual 
development of several coenobia from one parent-cell is really the 
only marked distinction from Pediastrurn, although even in the latter 
an occasional formation of two or more coenobia from one parent¬ 
cell has been recorded (( S3 > p. 5, (173)). 

(Xhe disc-shaped coenobia of Pediastrurn are abundant in freshwater 
plankton, and also occur commonly in ponds and ditches amongst 
other water-plants The cells are arranged in a single layer (rarely 
double in the middle of large coenobia) and either have almost plane 
faces, so that they fit closely together (fig. 48 H), or are more or less 
extensively lobed)(fig. 48 E), so that spaces of variable size occur 
between them. The marginal cells mostly differ*in shape from the 
others and are generally produced on their outer surfaces into a pair 
ot diverging processes, although a few species have only a single 
process. The number of cells is usually some multiple of two and thev 

y 3rranged ^ diStinCt HngS ar ° Und a cen ‘ ral °ne/\ 
wJwT arrangemCntS 3re SOmetimes de P artcd from (cf. (.SC 

The smallest coenobia are found in P. tetras (fig. 48 1 ), where thev 

Z f :8 Ur H r r so e ' 8 '- Ce " ed ' While ,hOSt ° f the ™" * Bor^nZ 

ISLf H) SOme , t,naes comprise 128 cells. The chloroplast takes the 
i-r D vren Pa ? eta K P at , e J ° ften 8howin « some P^foration, and contains 
has recoTd ^ ° lder ^ haVe SCVeral nuclei ‘ Petersen 0 60. Z 
apices of th, C presen f ce L of tufts o( ri g id gelatinous bristles on the 

afso^ he sSrTa^T/K marginal Ce,,s < fi 6* G) and sometimes 
tional J • surfac * s of the central ones; they are no doubt an addi- 

connection it is of 

winter “ S ° m<! SpeC ‘ eS the - v have bee " fo ^ to disappear in 

aofcres 1 3 °i UC K 0n<, ' , • , ' 7 • , . M, ,akeS place b y ™*™ of biflagellate 
Se i r y aUCCCSS,ve nuclear division followed by pro- 

HbeTteH rl l" ° f ' he P^toplast. The swarmers are suddenly 
liberated through a sht in the wall (fig. 4 8 H) into an external vesTcle 

in “ ,6 ‘ c " Ud on '' ,+s+ '“ ; in ■ 
arrangement possible^ ™ grou P ,n K s represent the most compact 



no 


Fig. 48. A-C, Euastropsis Richteri (Schmidle) Lagerh.; B, liberation of 
swaimers; C, formation of daughter-coenobia. D—J* Pediastrum. D, 
P. Boryanum (Turp.) Menegh., germination of polyhedron. E, P. duplex 
Meyen var. clathratum. F, P. duplex , with hypnospores (h). G, P. clathratum 
(Schrot.) Lemm., mucilage-bristles. H f J, P. Boryanum var. gramdatum; 
H, formation and liberation of zoospores; J, formation of new plate. I, 
P. tetraj (Ehrenb.) Ralfs. b 9 bladder of mucilage; />, pyrenoid ; s t slit in wall. 
(A-C after Lagerheim; D after Askenasy; E after G. M. Smith; F, I after 
West; G after Petersen; H, J after Braun.) 
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(6) 1 Wjthm which they exhibit active movements in all directions- 
Gradually they assume a more orderly arrangement and become 
disposed in one plane to form a new coenobium which acquires its 
mature characteristics before liberation from the vesicle,(tig 48 I) 

c 0 r e I toi^h f arPer K (<87> P ' 392> <88 ’ P - 238) the P^ipheral tries 

ZTnf oil bef ° re hC mner ° neS - Com P ,ete suppression of flagella 
and of all movement is apparently not uncommon (<«o) p. 2 , 7 ) J n 

Wh'ch case Ped.as'rum behaves exactly like one of the Codas,raceae 

ftnTJr 4 ’ Probst(,73> records cases in which four new coenobia are 

onT'or h Parem ' Ce " <Cf c " ith S ° ras,n ‘ m ^low) /Forma,ion of 

nrL T hypnospores (fig. 4 8 F, h) from the cell-contents 

below. na y takCS P ,ace(S3 20, yThe sexual reproduction is dealt with 
,0 of « the forma,ion ° f the “•«* m p^, rum 

form is clearl^stated ^rnal environment in modifying the inherited 

(SchrOt.) Lemm do rK Y a feW Spec,es ' like P - clathratum 

ones (fig. 48 G?” mner at,am the Samc form as the outer 

m^elySpherical and 4 °’ <l44> 98> the coenobia are a Pproxi- 

wedgeth P aped u bt na T POS ° f ^ cc,ls "hit are 

surfaces ofthe cells bear a - 7 ? (hg> 49 A * F) ‘ The broad 

wards, while the inn • umber °f spines and are directed out- 
cellulose staUcs whnTJ A <trem,t,es are Produced into colourless 
facetted sphere (fig 40™ B^The" 11 ^ '7 CCntre t0 form a sma, l 

shaped chloroplasf wkht ^ , y ° U " g “P* P ° ssess a curved plate- 
older cells the chloron L f yreno,d appos 1 ed to the outer wall, but in 
although no increasedn Vers . most of the «nner surface ofthe wall, 
cells are multinucleat^) P> ren ° ,ds norrna| ly takes place. The mature 

diffcr . a PP reciab ly Probs, 
cessively into 8-6j. nirr c ° ntent f. 5 P mu l°* un * divide sue- 

Each of \these Let tise to". , "* hhera,ed in '° ,he —' vesicle, 
the limited period of mn„ 4 32 zoos P ores - eac h group, even during 
hours and ultimately nr n ^ C " t ' rema,n,n S distinct from its neigh- 

would thus resemble LJrX 1 ” 8 f d,Stmct coenobiunO The alga 

one parent-cell Geitlen » u *" f ° r ™ mg sevcral new colonies from 

'-»eitler( 72 ), however, for the same species describes 

formed by swelling of^he*inner np S »‘ Ve | Sicle ’ b °‘ h here and in Sor( >strum is 
nt °P en ‘he outer ones. P * lc ayers of ,hc cell-membrane which thus 
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a successive division of the chloroplast into as many parts as the future 
number of zoospores (fig. 49 C), and a subsequent progressive 
cleavage of the protoplast after the manner recorded for other 
Hydrodictyaceae (fig. 49 D). Moreover, it appears that he never 



Fit;. 40. A-F, Sorastrum. A, B, 5 . americanum (Bohl.) Schmidle (A after 
Bohlin; B after Schroder); B shows the stalks of the cells and the central 
sphere (s) formed by their inner ends. C-F, S. spinulosum Naeg. (aft 
Geitler); C, D, development of zoospores; E, F, young coenobia within 
vesicle, in E pyrenoids not yet differentiated. G, Hydrodutyonaft 
Yaman. (original photo). H, H. reticulatum (L.) Lagerh. (after G. M. Smith). 

n, nucleus. 


observed the formation of more than one coenobium from a mother¬ 
cell (in the production of the new coenobium the biflagellate swarmers 
become grouped with their apices facing inwards (fig. 49 E)and, atte*; 
secreting membranes, the inner ends grow out into the cellulose stalks. 
Sorastrum might be regarded as a colonial Characium in which the 
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stalks of the individuals are attached to one another, instead of to a 
substratum. 

wydrodictyon reticulatum , the water-net, is a rare alg§)which, how¬ 
ever, occasionally occurs in prodigious quantities/The coenobium in 
this case is a free-floating hollow cylindrical network (fig. 49 H), closed 
at either end, and reaching a length of as much as 20 cm. 1 The meshes 
of the net are pentagonal or more usually hexagonal, the angles being 
formed by the union of three of the elongate multinucleate cells 
(fig. 50 A). The latter are cylindrical and have a large central vacuole, 
the lining layer of cytoplasm containing the nuclei and a complex 
reticulate chloroplast (106) with numerous pyrenoids (fig. 50 B). The 
cells of young coenobia, according to Lowe and Lloyd (130), possess 
a simple chloroplast in the shape of an incomplete parietal band 
(cf. fig. 49 H) which, with the lengthening of the cells, takes on a 
spiral form. The spiral later branches and gradually more and more 
numerous fenestrations appear which ultimately, according to these 
observers, lead to the division of the chloroplast into numerous small 
reticulately arranged portions, some of which contain pyrenoids) 

Similar steps are described by Wigglesworth (224) in the c3§e of 
H. afrtcanum (230), but there is no evidence to show that the mature 
chloroplast is here anything but a complex reticulum. The species 
just mentioned forms saucer-shaped coenobia, circular in form and 
often somewhat turned up at the edges. The young cells are again 
cylindrical, but later become ellipsoidal (fig. 49 G) and ultimately 
swell up to form huge spheres, 1 cm. or more in diameter, which fall 
apart from one another and lie like numerous green marbles on the 
ottom of the shallow waters which this species frequents. It appears 
that these huge coenocytes ultimately produce gametes. 2 Wiggles- 
worth found no evidence of asexual reproduction, but it can hardly 
he doubted that new nets are formed from the ordinary segments of 
the coenobium, as in H. reticulatum. 

, Cre j Sex V aI r fP r °duction takes place in the following way. 3 Alanv 
ousands ot uninucleate, biflagellate zoospores are formed bV'pro- 

<5i!r^M IVe C j 3 va S e *he protoplasm of the mature coenocytes into 
wTrh;n,r d Sma ) ,er fra g ments (fig- 50 E, F). They remain confined 
reM-ri f ^ membrane of the parent cocnocyte, exhibiting the usual 
srncted movements, and ultimately withdraw their flagella, secrete 

AccornTo CS , 31become arranged to form a new net (fig. 50 C, D). 
shnrt tk g A *V ebs(,07) tbe zoospores are permanently connected by 
rea s, but subsequent workers(og. 130) have been unable to 
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<*>. ( 55 ). (I06-.08), (150), (20s). 
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The necessary space for the movement of the swarmers 
the swelling of the longitudinal walls and a reduction in 
the size of the vacuole ((99) p. 61). When the zoospores first come to 
rest, they show a distinct tendency to become arranged in straight 
rows in three directions, at angles of 6o° to one another, although, as 


confirm thi 
is created 





Fig co. Structure and reproduction of Hydrodictyon reticulatum (L.) 
Lagerh. A, group of cells; B, part of chloroplast ; C. D, formation of ne 
nets; E, F, small parts of protoplast showing fission to form J . 

later’stage than F; G, H, swarmers from the zygospore; I P^dron-stage 
J, net-formation within same; K. swarmer-format.on in polyhedron. A young 
nets - » inner layer of wall; n, nucleus; o, outer layer of wall, p, Pyj?"° ld - 
(C after Harper from Oltmanns ; G-K after Pringsheim; the rest after Klebs.) 


HYDRODICTYACEAE 173 

the cells' begin to enlarge, this arrangement becomes obscured. This 
grouping is that which, on theoretical grounds, allows of the largest 
number of cells in the smallest area and yet admits of the formation 
of a network with hexagonal meshes(8s,130). The hexagonal mesh is 
the most economical of material and at the same time affords the 
greatest strength and elasticity (cf. also <g<»). 

(Sexual reproduction has so far only been observed in Pediastrum 
<g..g> and Hydrodictyonto.i 07..<*,, 33 ..68). The biflagellate isogametes 
are produced in the same way as the zoospores, but are formed in 
arger numbers and are consequently smaller; they are, moreover 
liberated as individual swarmers through a hole in the parent-cell 
membrane. Hydrodictyon is monoecious and even gametes from the 
same coenocyte may copulate. The flagella are withdrawn imme- 
diateJy after fusion and a spherical zygote with a thin membrane is 

nd h ; K ^ gra . dual, y enh »rges during the ensuing period and stores 
which is coloured red by haematochrome. Ultimately these 
zygospores undergo two successive divisions to form four large 

occurs ^ S TK merS (fig - 50 G> H) * during Which Action probably 
occurs (.33). The swarmers contain numerous discoid chloroplasts 

SKT? K nd ,' °" COmin e t0 rest ’ devel °P into polyhedral 
ceI s (fig 5 o I) which closely resemble some species of Tetraedronu t 8 ) 

and continue to enlarge for some time. Aplanospores develop Z 

directly into polyhedra have also been observed Ultima^ v h! 

^ T di K ViSi ° n i thelr «• form zoospore! 

swarmers from the zygospores and H , the formation of 
has recently been obsLed by Palikn ' n ‘° P °' yhedra 

that new plates develop within the polyhed „1 ceHsD) 

° f ~ —tioned 

observed to escape into the water The • S ° mC ° f wh,ch have been 
represent gametes and that they give rise* w'ith' probabi,it y that they 
spherical, orange-coloured resting spores The, W,th ° Ut fusion - to 
new nets directly, without the inte£enti« f ? Ppear t0 form the 
but Mainx(«33) suggests that the sDor <■ ” k poy kedral stages(« 4 ) 
parthenospores and not zygotes ln anvl, f are « e ™" a ting 
necessary to establish that fhis species has^Kf U ?- her observat ‘ons are 
that of H. reticulatum, where the usual swarms ' f ®' h,sto [y differing from 
division delay net-production until thev hav formed by the reduction 
longed resting period accompanied by growth! ? thr ° Ugh 3 pr °' 
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The Family Coelastraceae 

Chodat’s Fernandinella ((42) p. 102) is an incompletely known form 
which Petersen (06i a ) p. 34) has found also in soils. It has few-celled 
coenobia reproducing by the formation of quadriflagellate zoospores, 
but in Chodat’s material multiplication by the formation of new 
coenobia within the cells of the parent was the rule. Its affinities are 
unclear, but in its capacity to form swarmers, as well as to produce 
new coenobia, it recalls the occasional suppression of flagella in the 
zoospores of Pediastrum and indicates a trend in the direction of the 
Coelastraceae. The peculiar genus Marthea described by Pascheros4) 
affords another connecting link. Here four spindle-shaped cells, 
possessing a curved parietal chloroplast with an indistinct pyrenoid, 
are grouped at right angles to one another in a single plane (fig. 51 A), 
their inner ends being embedded in a central mass of mucilage. New 
coenobia are formed by division of the protoplast into four elongate 
amoeboid cells, lacking flagella but provided with contractile vacuoles 
and stigma. The amoeboid movements soon cease and the four 
individuals become arranged in the characteristic cruciate fashion, 
secreting at their inner ends a small stalk which swells and gradually 
coalesces with the others to form the central mucilaginous mass. The 
new coenobia may remain for a time enclosed within the membrane 
of the parent-cell forming small syncoenobia (fig. 51 A). 

In the typical Coelastraceae the cells of the coenobia are in most 
cases joined together by mucilage-pads or by processes of other kinds 
developed at certain points of the surface from the thin envelope of 
mucilage which surrounds the firmer part of the wall(i87). In addition 
there is sometimes a common mucilage-investment around the whole 
coenobium, although rarely visible without special staining (fig. 51 F). 
There is always a single parietal chloroplast, usually with a pyrenoid. 
In Crucigenia (including Staurogenia)(iHs.22s ) the coenobia are for ied 
"of four cells of diverse shape arranged to form a flat or slightly curved 
plate, the cells being closely adherent except in the centre, where 
there is usually a quadrate or rhomboidal space (fig. 51 B). The 
daughter-coenobia, formed by crosswise division of the protoplasts 
of the parent, are generally combined to form larger plates, which are 
held together by a more or less conspicuous mucilage-enveloped In 
Hofmaniai 36) the ruptured fragments of the parent-cell membranes 
persist for a time around the new coenobia (fig. 51 F). 

I^The numerous species of Scenedesmus 1 possess four- or eight-celled 
(rarely 16-celled) coenobia, composed of ellipsoid, oblong or fusiform 
cells, usually grouped in one plane with the long axes of the cells 
parallel to one another (fig. 51 D, E, M); the cells sometimes lie in 


1 See (47). (79). (187), (190), (192). 
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two alternating rows. The terminal cells of the row commonly differ 
in shape and ornamentation from the others?) A reference to the figures 
will illustrate the diversity of cell-shape and ornamentation. In the 
few species which have been fully studied it has been found that the 
ornamentations (e.g. the large spines of S. quadricauda (Turp.) Breb., 
fig. 51 M), as well as the connecting pads between the cells, are merely 
elaborations of the mucilage-envelope of the latter(i8 7 ).(The parietal 
chloroplast often occupies the whole length of the cell and generally 
possesses a single pyrenoid. The cells occasionally bear tufts of 
gelatinous bristles (fig. 51 I), as in Pediastrumdbo). 

(JReproduction is accomplished by crosswise division of the proto¬ 
plasts which takes place successivelyo-jO (fig. 51 C) and, after the 
necessary adjustments, the fully developed coenobia (fig. 51 G, H) 
are liberated by rupture or gelatinisation of the parent-membrane. 
Syncoenobia are rare.) Smith’s Tetradesmususg) only differs from 
Scenedesmus in the mode of grouping of the four cells (cf. fig. 51 J, K). 

(The species of Coelastrum 1 possess hollow spherical or polyhedral 
coenobia (fig. 52 A and D), composed of 8, 16, or 32 (rarely 64) cells 
disposed in a single peripheral layer, the whole surrounded by an 
indistinct mucilage-investment. The cells are often globose or poly¬ 
hedral and joined along their contiguous surfaces by cushions of 
mucilage (fig. 52 A)^ In other species they are produced into more or 
less marked processes which are joined at their apices, so that the 
adjacent cells are separated by narrower or wider spaces (fig. 52 D). 
In C. reticulatum (Dang.) Senms*) the globose cells are connected by 
a number of long gelatinous processes, developments of the ordinary 
mucilage-envelope of the cell (fig. 52 B, E, F,/>)., I'he young coenobia 
in this case often remain for a relatively long time within the parent¬ 
cell membrane and, since the processes on the latter persist, syncoe¬ 
nobia are of common occurrence^fig. 52 E, F). In other species the 
daughter-coenobia are usually liberated as soon as they are fully 
differentiated, mostly through a split in the cell-wall (fig. 52 A, G). 

Several investigators(n. 177. >87) have studied the growth of species of 
Scenedesmus and Coelastrum under various cultural conditions and have 
shown that the cells may be made to assume very diverse forms, e.g. 
Daclylococcus- like stages, Chlorella- like forms, etc. It is not clear, 
however, how far this polymorphism obtains in nature, although it is 
probable that Dactylococcus infusionum Naeg. (fig. 5 * L) is a naturally 
occurring state of Scenedesmus obliquus (Turp.) Kiitz. (79). . e ? e " 
version of the cells to a state and a method of multiplication indis¬ 
tinguishable from Chlorella (fig. 52 H), a condition which may moreover 
persist through several generations, is of considerable phylogenetic 
interest. Grossmann( 8 .) concludes that colony-formation is favoured 

1 See (57), (59), d<> 7 ), (177), 087 ), 09 o>. 

* From this view Smith ((192), O96*) P- 5 °^) dissents. 
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by a surplus of carbohydrates, being dependent on an optimum con¬ 
centration of the nutritive solution which varies at different seasons of 
the year. 

Kofoid’s Phytomorula dog) develops 16-celled coenobia which are like 
a compressed Coelastrum. In the centre are eight cells grouped in two 
layers of four, while around the periphery are eight cells symmetrically 
disposed in a single layer; there is no central hollow. On the outer 
surface of each cell lies a slightly elevated area with a narrow annular 
depression around its base (fig. 52 I, J). The mode of multiplication is 
not known. 

Apart from the normal reproduction by formation of new coenobia, 
resting spores with a thick membrane appear occasionally to be formed 
in most genera of Coelastraceae (229). Chodat ((45) p. +45) b as °b- 
served stages that make a formation of swarmers in Crucigenia 
probable. When it is recalled that Sorastrum was long regarded as an 
azoosporic form and referred to Coelastraceae, the possibility of other 
members of this family proving to have motile stages is not to be 
dismissed. It may in fact be questioned whether there are any longer 
any grounds for maintaining two families among the strictly coenobial 
forms. The members of the Hydrodictyaceae are already sufficiently 
diverse in general character to render the inclusion of the Coelas¬ 
traceae in this family possible without any great alteration of the 
diagnosis. 


The Affinities and Classification of the Chlorococcales 

This brings us back to the question of the general classification of the 
Chlorococcales which was raised on p. 147. If, as appears clear, the 
classification into zoosporic and azoosporic forms should be aban¬ 
doned, it is difficult to find any other definite basis. It may even be 
doubted whether there is any justification in keeping the majority of 
the unicellular forms apart from the colonial ones. Every classification 
that has so far been attempted appears unnatural, because it leads to 
the placing of forms that are almost certainly allied in distinct families. 
This criticism applies equally to the system here adopted, which is 
frankly artificial and based on the type of colony produced. 

Geitler ((72) p. 443 ) believes that a basis of classification can .be found 
in the two types of division of the protoplasts to form ne ^ md viduals^ 
The one has multinucleate mature cells undergoing simultaneous 
division to form the new individuals ( Tetraedron , t 

dictyon, Pediastrum, Sorastrum , Coelastrum , and 3 jfde bui 

It is characteristic of this type that the pyrenoid does not^divide but 
persists in one of the units formed by the progress.ve cleavage of the 
orotoDlast (cf fig. 51 C), sooner or later to disappear, while the daughter 
ceUsfo™ fresh pyrenoids. The second type is charactensed by sue- 
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cessive division of the protoplast ( Chlorococcum , Chlorochytrium , 
Trebouxia , Chlorella , Dictyosphaerium ), during which the pyrenoid 
divides, so that each daughter-tell receives one. This distinction scarcely 
appears to be of sufficient importance to afford an adequate taxonomic 
basis; moreover, there are indications that both types of division may 
occur in one and the same genus (cf. under Characium and Sorastrum). 
The cells ot many forms that divide successively become multinucleate 
towards maturity as a preparation for the subsequent cleavage, as 
Geitler himself recognises, so that a sharp distinction between the two 
methods of division is scarcely possible. 


There can be no doubt that the Volvocales and Chlorococcales are 
closely allied (110. n 4 >. The frequent persistence of contractile vacuoles 
and sometimes of eye-spots (cf. also ds«)) in the coccoid cell, 
e\en in forms that appear to have given up reproduction by swarmers, 
is sufficient testimony of this close relationship. To establish a special 
group, \ acuolatae, for such forms with contractile vacuoles, as 
Korschikoff ((no) p. 490) advocates, is, however, laying too much 
stress on a single character. 

It would appear that some of the sexually reproducing Chloro¬ 
coccales have become diploid, a condition noted as possibly occurring 
also among Volvocales (p. 119). This is highly probable for Chloro¬ 
chytrium (p. 155) and is also likely in the case of Korschikoff’s 
Apiococcus ((..•> p. 474) and other forms with direct germination of 
the zygote. This tendency is significant in connection with the hypo¬ 
thesis of a possible origin of the Siphonales from this group (p. 369). 

The following is an epitome of the classification followed in the 
preceding treatment: 


CiL 5 i!Z°rZ aCea V A P ioc ° c L c , us - Borodinella (?), Characiochloris, 
Characium, Chlorochytrium, Chlorococcum. Codiolum, Dictyococcus 

Hypnomonas Phyllobium, Rhodochytrium, Tetraciella, Trebouxia. ’ 
2. Eremosphaeracece : Eremosphaera. 

3 - Chlordlaceae: Borgea, Chlorella, Micractinium, Muriella Myco- 
Tmchtda. <P ' 5> ' Pr0t0,he<:a (p - ,8 5 ). Radiococcus, Te.raMron, 

Choda,el 'a. Desmatractum, Franceia, Glaucocys.is 
Oocystis', ScotW™' La8erhe '™ a ’ Nephroc ytl u m , Ocogoniella, 

DarV f elenastrac ‘ a ‘\ Actidesmium (?), Actinastrum, Ankistrodesmus 
Seu'l™' Hyal ° raPhid '“ m < p ' ' 8 S>. Kirchneriella. Quad^uu! 

phtcoS^ DiCh0< ° m0C0CCUa - D -'y-phaeriun,. Dimor- 

tn 7 m ^ yir °d ‘ ctyaceae •' Euastropsis, Hydrod.ctyon, Pedias.rum, Soras- 
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The Ecology and Physiology of the Chlorococcales 


Many of the simpler Chlorococcales, like the Volvocales (p. 78), 
exhibit more or less pronounced saprophytic tendencies. Chloro- 
coccum humicolum and Chlorochytrium paradoxum are common in 
cultivated soils(2a, 26,139); several species of Chlorella thrive in organic 
media (sewage, etc., (n.31)), sometimes with loss of chlorophyll (117), 
and others occur in the sappy exudations of trees 015). The majority 
of the members of this order are readily grown in artificial cultures 
and a large volume of literature exists dealing with the form-variations 
observed in such cultures and the special features of the nutrition 
of the diverse forms. Artari(5.7.8), Beijerinck(n), and especially 
Chodat(3o) and his pupils 1 have grown a large number of Chloro¬ 
coccales ( Chlorella , Ankistrodesmus , Scenedesmus, etc.) on agar supplied 
solely with mineral nutriment or in mineral solutions, but they have 
shown that a much more luxuriant development is obtained in most 
cases if glucose is also present ((39) p. 87). Although many other non- 
nitrogenous organic compounds can be utilised<2 4 .209), no other form 
of carbohydrate appears to be as efficient as glucose, nor do organic 
acids in general seem to form a suitable source of organic food. 

Oettli ((148) p. 35) has, however, shown that species of Ankistrodesmus 
develop well in mineral solutions containing fermenting cellulose. 
Many Chlorococcales (species of Scenedesmus, Chlorella rubescetis, etc., 
cf. (39) p. 110, (203)) soften or even liquefy gelatine. The nutritive value 
of organic nitrogen compounds is relatively slight compared with 
glucose ((148) p. 40) and such compounds can be supplied in the most 
diverse forms (nitrates, ammonium compounds, amino-acids, peptone) 
to many Chlorococcales without any appreciable difference-; in the 
amount of growth, provided no other organic material is present 
(24,25.207). In media containing glucose, however, Oettli found that a 
full development of the colonies of Ankistrodesmus only took place, if 
rfitrogen wa» supplied in the form of peptones. Muenscher (143) finds 
that Chlorella carries on protein-synthesis in darkness when supplied 
only with inorganic nitrogen. 2 


Many Chlorococcales appear to be able to produce chlorophyll in 
darkness (6.7. 80,117.176), 3 and Dangeard(63) reports growth of Scene¬ 
desmus acutus for eight years in continuous darkness without loss of 
the green colour. On the other hand a frequent feature of algal 
cultures is the decolorisation (yellowing) that sets in after some time, 


1 See (54), (79), (80), (90), (95), (148), (177), (w 3 ), (2, 3 >- See a,so the 

papers (62), (117), (118), (14s), (209). . •„ 

2 With reference to the asserted capacity of Green Algae to fix atmospheric 

nitrogen, see Bristol and Page, Ann. AppL Biol . 10 , 370 40 , I 9 2 3 * 
a This is also true of some of the Volvocales (cf. (« 3 *». 
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although the cells in question are in all other respects perfectly 
healthy ((39) pp. 90, 118). 


This decolorisation is only observed in the presence of glucose and 
has been ascribed to increasing deficiency of nitrogen, the pheno¬ 
menon being accelerated by exposure to light. If cells of such a 
culture are transferred to a fresh medium with a better balance of 
glucose and nitrogen-compounds, normal green colonies are formed 
which in their turn lose their colour after some time. According to 
Meyer (233), however, the non-formation of chlorophyll is due to an 
inhibiting effect of the glucose and, as the latter gradually gets used up, 
the colonies become green from within outwards. Chlorella variegata 
Beijerinck(i2) always develops colourless cells on agar supplied with 
glucose and has maintained its colourless character for thirty years in 
successive cultures of this type, but if transferred to agar without glucose 
the normal green colour reappears ((48) p. 526). 


The investigation of the growth of these forms in cultures has 
rendered it perfectly clear that a large proportion of the Chloro- 
coccales, while capable of a holophytic existence, possess a strong 
saprophytic tendency and attain a much better development under 
conditions of heterotrophic nutrition. This is probably equally true 
of many of the Volvocales (cf. p. 78). The capacity for heterotrophic 
nutrition must clearly exist in any alga that is to thrive beneath 
the surface of the soil. There is evidence that, in the case of a 
number of the species involved, photosynthesis alone is not adequate 
for luxuriant growth (27.80. 143) , but there are probably many gradations 
in this respect (as) between forms which in the presence of light 
altogether dispense with heterotrophic nutrition, and those which 
under all circumstances grow better in the presence of glucose. For 
the latter an increase in light-intensity does not directly increase the 
amount of glucose absorbed, but rather tends to reduce the hetero- 
trophic in favour of autotrophic nutrition. 


. * h flk Tw Chlorococca les considerable diversity in the 

shape of the cells (cf. fig. 53) and, in the case of colonial' form^ in the 

ature of the colonies, is to be observed, despite the fact that, in recent 
years at least such cultures have been grown from single cells and 

*£rr y a ,? nuxn "' e of f °reign organisms (38.90. a« 3 , a. 4 >. Some of the 
forms thus observed appear definitely abnormal and this is possiblv 

£ ms? 

Disappearance of the pyteno.d has also been observed p. l8l ). 
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forms in other habitats. Periodical studies of Algae in the same piece 
of water over a number of years tend to show remarkable constancy of 
individual species, both at different seasons and in different years. The 
only case that is perhaps clearly established among Chlorococcales is 
that of the Dactylococcus -stage of Scenedesmus obliquus (p. 176). Valuable 
as have been the results of pure culture work in other respects, there is 
little evidence that such cultures are altogether reliable for the study 
of the normal form-variation of algal species. It is possible, too, that 
in many cases a somewhat distorted picture of the life-history is 
obtained, since the conditions are necessarily different from those 
occurring in nature. As a supplement to direct observation in nature, 
however, the method of pure culture is invaluable. 



Fig. 53. Ankistrodesmus septatus Oettli, diverse cell-forms from 

a single culture (after Oettli). 


An important outcome of the investigations of the Geneva school 
has been to establish the existence of elementary species in a large 
number of the genera of Chlorococcales (cf. also(5)). In many cases 
at least the cells of these forms are indistinguishable under the micro¬ 
scope ((48) p. 525), and it is not until they are grown on nutrient agar 
supplied with glucose (2 per cent.) that the differences become 
apparent in the nature of the cultural “colonies” produced. 1 That 
these differences are not due to variations in the media and glass 
vessels employed is shown by the fact that they are just as apparent 
when cultures of the different species are grown side by side in the 
same vessel. Chodat insists on the differences in question being 

1 Id media lacking glucose.only slight differences are apparent. In liquid 
media the differences are manifested in a different rate of multiplication as 
evidenced by the diverse intensity of colour of the suspensions and the 
different modes in the variation of cell-size ((49) p. 3 2 )- 
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morphological, but the form and size of cultural colony produced, 
the depth of colour, the production of carotin, etc. would all appear 
to be evidence rather of a different physiological constitution, as 
expressed in the rate of growth, the amount of chlorophyll formed, 
etc. It has been shown that the common Chlorella vulgaris , for 
instance, is represented in nature by a large number of such elementary 
species, as recognised in cultures on mineral agar with glucose. These 
species can be arranged in groups and the extremes of the different 
groups are often connected by a number of intermediate types. 

Evidence has also been produceduQ) of the origin of new elementary 
species by small mutations (generalised mutation of Chodat) in 
Chlorella rubescens, a species which, when grown on nutrient agar 
with glucose, develops deep red growths. Clones derived from pure 
cultures of this alga, that have been reinoculated without change over 
a long period of years, may ultimately develop a small number of new 
types. Chodat suggests that such micromutations give origin to 
elementary species and that the stability of cultures is only illusory, 
since new micromutations are constantly arising, although normally 
masked in the pure line derived from a single cell by the prevalent 
normal type. It remains to be seen in how far the various elementary 

species that have been distinguished are characteristic of definite 
habitats in nature. 


A valuable aspect of this work is the recognition of the fact that 
the gonidia of Trebouxia ( Cystococcus) and Coccomyxa (cf. p. 128) 
extracted from different Lichens, 1 belong to distinct races. We owe 
the establishment of this fact to Chodat (o„) p. 186), Warenu.s), and 
Jaag(95.97*). The last-named has shown that even the observation of 
the gonidia in s,tu in the Lichen may afford evidence of more or less 
constant differences in form between those inhabiting different 
genera (C adonia, Parmelia), and that differences are also recognisable 
between the gonidia inhabiting various species of the same genus 
It is moreover, of interest that the relationship of the gonidia to one 
another runs generally parallel with the relationships of the Lichen 

TnnTv lCd \ by fi 0tl ? er , characteristi csc»7 a ,. The differences between the 
u f, S ° find the,r ex P«-ession in the colonies developed from 
single cells on nutritive agar. These differ among one another in size 
(rate of growth), general conformation, and depth of colour, and these 

thel^nT are , COnst . ant - J aa g was unable to establish identify between 
he gonidia and any free-growing forms of Trebouxia . but he mentions 

sacca^aZf. " ,dentical with the gonidium of Solorina 
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Gonidia obtained from the thalli of the same lichen-species growing 
on diverse substrata also show differences in the colonies formed on 
nutrient agar, although there is no appreciable diversity observable 
between the gonidia growing in situ. It is of interest that Jaag found that 
the Trebouxia-gonidia of Parmeliaceae isolated in summer show no 
capacity for further development, while those isolated in spring or 
winter develop well. In general too growth is better at low than at 
higher temperatures. Like other Chlorococcales lichen-gonida will 
grow when supplied with mineral nutriment only in the presence of 
light, but the growth is poor by comparison to that in media supplied 
with glucose. In the presence of glucose and peptone they can dispense 
with photosynthesis and develop normally (4), although organic nitrogen 
does not appear to be essential for growth (215). 

All these facts lend support to the view that the gonidia within the 
lichen-body lead in part at least a saprophytic existence, being supplied 
with organic nutriment by the fungus. In any case the work of 
Chodat and his pupils supports the modem view (cf. (*>6)) that the 
alga and fungus associated together in the lichen do not represent a 
fortuitous assembly, which is readily established by the spores of the 
lichen being deposited on any growth of Trebouxia or other member 
of Chlorococcales, but that there is an intimate relation between any 
given lichen-fungus and the appropriate form of the alga with which 
it consorts. There would appear to be as many types of gonidia as 
there are species of lichens, but as far as I am aware it has not yet 
been shown that the alga from a given lichen is able to form a lichen 
only together with its appropriate fungus and not when spores or 
hyphae of the fungus from closely allied lichen species are brought 
together with it. There remains a possibility that the races of 
Trebouxia , for instance, that have been obtained from closely allied 
lichens, owe their differences to the influence of the fungal partner. 
In view of the profound physiological changes resulting from the 
living together of alga and fungus in the lichen, as expressed for 
instance in the formation of the so-called lichen acids by the latter, 
this suggestion is perhaps not without force. It is beyond the province 
of .this book to consider further the relation of alga and fungus within 
the lichen (cf. (129), (206)). 

Many of the terrestrial Chlorococcales, in particular, are very com¬ 
monly found associated with some fungal hyphae without the production 
of a definite lichen. Acton(.) came to the conclusion that Botrydma, 
commonly found amid mosses, was an example of such a primitive 
lichen in which a species of Coccomyxa was the algal partner. A re¬ 
investigation by Jaag (97) has, however, made it probable that the weft 
of enveloping threads in this case is constituted by the rhizoids of the 
moss-protonema and that no fungus is present. He believes in a dehnde 
partnership between the two organisms (alga and protonema), and this 
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community also includes a species of Chlamydomonas which Acton 
misinterpreted as belonging to the life-cycle of the Coccomyxa. 

As pointed out above, loss of the green colour is a frequent 
phenomenon in cultures provided with organic nutriment, and the 
saprophytic tendency of many Chlorococcales no doubt affords scope 
for the origin of permanently colourless forms. Such are the Chara- 
cutm described by Pascher(«57), the genus Prototheca (fig. 54 A) of 



° f S hl ° rOC ?, CCaleS - A - Prototheca moriformis 
g. ar. betuhnus . B, Mycotetraedron cellare Hanse C D 

F«m ~/WHansg. E, F, Glaucocystis uostochinearum Itzigs.; E single cell• 

E^'Geidt“F 0 X r 6 H b,Ue ' 8reen 3y T bl ° ntS: nucleus."(A 

•uier oeitler, r after Hieronymus; the rest after Hansgirg.) 
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Sl^uT fi «* 54 C) which probably belong to the 
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ponneae. It should be emphasised that, as far as our present 


i86 


CHLOROCOCCALES 


knowledge goes, all these forms are colourless Algae and that they 
exhibit no relationship to Fungi except in the absence of pigment. 

Of a somewhat different nature is Glaucocystis (70). This puzzling alga, 
long regarded as an anomalous member of the Myxophyceae, appears 
to be a colourless genus of the Oocystaceae inhabited by symbiotic 
Blue-green Algae 1 which appear as chromatophores within the cells 
(cf. Gloeochaete among the Tetrasporineae, p. 124). The symbionts 
appear as a number of curved blue-green bands (fig. 54 F, b) grouped 
in a radiating manner about the conspicuous nucleus, but break up into 
a number of short rods when the host-cells commence to divide 
(f*g- 54 E. 6). At present the supposed blue-green symbiont has not 
been cultivated separately, and it is not impossible that it may have lost 
the capacity for independent growth. Reproduction of Glaucocystis 
takes place by successive or simultaneous division of the protoplast to 
form two, four, or eight daughter-cells which acquire membranes of 
their own and may remain enclosed for a time within the enlarged wall 
of the parent-cell (fig. 54 F); the latter commonly has polar thickenings 
at either end. According to Pascher ((156) p. 461) Korschikoff has 
recorded the formation of swarmers in Glaucocystis . 2 Korschikoff(112) 
has described a similar form, Glaucosphaera, with spherical cells 
enclosed in a wide mucilage-envelope and possessing contractile 
vacuoles. 

A last expression of the saprophytic tendencies of the Chloro- 
coccales is seen in their occurrence as the space-parasites considered 
on p. 154 and as green cells within the tissues (fig. 55 C, E, F, a) of 
diverse lower animals, 3 a mode of occurrence which is paralleled 
among Cryptophyceae (p. 658) and Myxophyceae. The occurrence 
of such green cells has been recorded in most groups of lower animals, 
perhaps rather more commonly in those inhabiting freshwaters. Thus, 
they have been found in Infusoria ( Stentor,Paramaecium , Ophrydium, 
etc.), Foraminifera(58), in Hydra and other Coelenterata(2oz), in fresh¬ 
water sponges and mussels ( Anodonta , Unio( 76)), snails, and Turbel- 
larians(74). There is no doubt that in many cases the cells involved 
are species of Chlorella (cf. fig. 55 H, I), often described as Zoo- 
chlorella. On the other hand various instances are known in which 
this is not the case. Thus, in Convoluta roscoffensis the green cells are 
due to a Carteria (fig. 55 A, B)(ioi, 102), whilst in other Turbellarians(44) 
they are constituted by species of Pleurococcus (p. 289); the same is 
true, according to Chodat(si), of the alga in Ophrydium versatile. In 

1 Korschikoff(i 12) expresses doubts as to the correctness of this inter¬ 

pretation (cf. also (43)). Several cases of the occurrence of symbiotic Blue- 
green Algae in colourless organisms are, however, now definitely estab¬ 
lished (156). . 

2 It is impossible to consider here the diverse other views that have been 

held as to the affinities of Glaucocystis (see (40). ( 43 ), ( 77 )). 

3 See (11), 08), (30), (60), (61), (6s), (66), (91), (164-166), (182). 
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diverse Echinoderms species of Coccomyxa 1 have been reported as 
forming the green cells (141.142). Lauterbom (124) found Scertedesmus 
quadricauda in the freshwater sponge Carterius stepatiowi , the only 
case so far known of a colonial form being involved. 

Many authorities have affirmed that the Zoochlorellae are identical 
with the common Chlorella vulgaris , but even where they closely 
resemble this alga one will be inclined to suspect different elementary 
species in the different animal “hosts”, just as in the case of lichen- 
gonidia. So far, however, the culture of the green symbionts outside 
the animal organism has not been attended with a great measure of 
success (cf. however (74), (126), (147)). Direct transference from 
host to host has not been indubitably accomplished. Goetsch and 
Scheuring(76) state that they were able to infect a Stentor with 
Chlorella derived from freshwater mussels,, but since they did not 
work with pure cultures this is open to doubt. Keeble and Gambled) 
report artificial infection of Convoluta with the green symbiont. In 
some cases it has been possible to cause the animals ( Paramaecium) 
to adopt the green alga by mixing them with others containing the 
symbionts or by feeding with Chlorella (64.147.166,182), but such 
experiments have by no means always been attended with success. 
No doubt diverse Algae are taken up as food, but only the special 
symbiont can escape digestion and establish itself in the tissues. 

As regards the relation between the green cells and their hosts, the 
presence of the alga seems in the vast majority of cases to be beneficial 
to the latter. The algal cejls, though healthy, rarely contain any 
accumulation of starch, and it is not improbable that some of the 
excess carbohydrates are absorbed by the animal. In this connection 
it is of interest that according to Braarud and Foyn(i7) a considerable 
percentage of the oxidisable organic substance produced in photo¬ 
synthesis by a marine Chlamydomonas diffused into the surrounding 
culture-solution (cf. also (180)). Moreover, in many cases a certain 
number of the algal cells within the animal are gradually killed and 
digested (cf. e.g. (202) p. 45 and fig. 55 C, b). The importance of the 
algal symbiont is illustrated by the fact that Brandt(iS) in the case of 
Euspongilla and Pringsheim(i6s, 166) in the case of Paramaecium 
bursaria showed that these organisms can thrive and multiply in 
solutions containing no solid food, provided the algal symbiont is 
present and that the cultures are exposed to light. There is also no 
doubt that the alga utilises the carbon dioxide produced by the 
animal, while absorbing further supplies from the water, so that the. 
general effect is to increase the oxygen-content of the medium (a«i). 
In the case of Convoluta Keeble and Gamble(io2) were of the opinion 
that the green cell9, by utilising the products of the animal’s nitro¬ 
genous metabolism, functioned as an excretory mechanism. 

1 Sokoloff’8 Zoocystis (234) is possibly a Coccomyxa. 
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It does not seem, however, that the relation between alga and 
animal is normally an obligate one, since in most cases by no moans 
all the animal individuals contain algal cells, and there is no evidence 
that the colourless forms under normal circumstances thrive less well 
than those provided with green cells. On the other hand, in the case 
of freshwater mussels where the algal cells occur only in those parts 
that are exposed to the light (mantle, gills), Goetsch and Scheuring< 7 6) 
state that they exert a deleterious influence and they express the 
opinion that there are probably all stages from a condition of para¬ 
sitism to one of true symbiosis. A similar case of a Coccomyxa causing 
the death of an Ophiurid has been recorded (141) (cf. fig. 55 G). 

There|is apparently some diversity in the mode of establishment; 
of the algal partneru 9 ). The gemraulae of the freshwater sponge 
(buspongi/la lacustris), which serve for purposes of propagation, are 
commonly green ((216) p. 260) and the same is true of the ova (cf. fig. 
55 F) and of the buds formed on a Hydra viridisi 29.83). Motile stages 
of Coelenterata appear to be infected before they are liberated <2 9) . 
n such cases as in the soredia of lichens, both partners are present 
from the first, but this is not always so and in many animals the algal 
ce Is have to re-establish themselves in every new generationdo*). In 
this connection it is of interest that Wesenberg-Lund<2, 7 ) reports that 
in spring the individuals of S/en/or, in th f waters studied were 

Ch faeuTceU * 1 ft m u h A l T f autumn the y contained numerous 
“ cells .after the death of the animals abundant Chlorella was 

served'for aVresh” T, ft, ^ individuals P~b“ 

served for a fresh infection in the following season (cf also <2o>I In 

he case of Convolute ,he Conor, h-individuals are aUracted chemo 
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The Family Chlorosphaeraceae 

We may follow Printz(i 7 i) and Vischer( 2 i 4 *) in including in this family 
a small number of very imperfectly known Algae which, while otherwise 
resembling Chlorococcaceae, are distinguished by the occurrence of 
vegetative division. In Chlorosphaera (3.105 .214 a) the thin-walled cells, 
which possess a typical chlorococcoid structure 1 (fig. 56 E), occur 
isolated or united to form small groups (fig. 56 F, I) or thread-like 
expanses (C. consociata Klebs, fig. 56 G), which arise as the result of 



Fig. 56. Chlorosphaeraceae. A, B, J, Chlorosphaera Alismatis Klebs; A, cells 
in the air-spaces of Alisma Plantago ; B, zoospores; J, divisions leading to 
formation of same. C, D, Planophila asymmetrica (Gem.) Wille. E, F, H, I, 
C. Klebsii Vischer; E, single cells; F, I, packets; H, liberation of zoospores. 
G, C. consociata Klebs. (C, D after Gemeck; E, F, H, I after Vischer; the 
rest after Artari.) 

1 In some species the chloroplast may be reticulate, but this hardly appears 
a sufficient reason for establishing for them a separate genus (Chlorosphaerop- 
sis), as Vischer advocates. Gemeck’s Chlorosarcinai 75.204) cannot be separated 
from Chlorosphaera (cf. (214*) p. 10). 
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vegetative division in two or three planes. The cells are sometimes 
endophytic (C. Alismatis Klebs, fig. 56 A, in dead leaves of Alisma 
Plantago), but can also occur epiphytically. Reproduction takes place 
by separation of the individual cells and by means of biflagellate 
zoospores (fig. 56 B, H); akinetes are also known. Gerneck's Planophila 
(75) (fig. 56 C, D) differs essentially only in the possession of quadri- 
flagellate swarmers. Vischer also inclines to include Apiococcus (p. 148) 
in this family. 

The exact position of these forms is at present difficult to establish. 
Chlorosphaera has been regarded by many as possibly being reduced 
from a filamentous type, mainly because of the tendency to form short 
threads seen in some species. There is no reason, however, why 
vegetative division should not have arisen in unicellular forms, and it 
is not out of the question that the Chlorosphaeraceae may be primitive 
(cf. (214a) p. 93). 
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Order III. ULOTRICHALES 

The faculty of limitless division of a purely vegetative type is the key 
to the Ulotrichales, as to all other filamentous Algae. There can be 
no doubt that these originated direct from motile unicells, in the 
majority of cases at least, the view that assumes a derivation from 
palmelloid types with a filamentous tendency ((4 a), (86) p. 372) being 
altogether unsupported by fact. On the other hand the germination 
of every zoospore recapitulates the evolution of the filament. In 
Volvocales and Chlorococcales there is no vegetative division (except 
perhaps in some Palmellaceae and in the Chlorosphaeraceae, pp. 128, 
190), cell-division being always closely linked up with reproduction 
and involving a rejuvenescence of the protoplast with casting off of 
the parent-cell membrane at an earlier or later stage. In the fila¬ 
mentous types, on the other hand, a dividing cell is partitioned by a 
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septum which, in many Chlorophyceae, arises as an annular ingrowth 
from the longitudinal walls and subsequent to nuclear division 
gradually cuts across the protoplast. The septa may be regarded as 
affording the necessary mechanical stability for a lengthening cylinder, 
such as arises from the germinating swarmer (cf. fig. 57 J, K). Should 
the latter possess the almost spherical chloroplasts that characterise 
many Volvocales and Chlorococcales, the elongation and septation 
would give in each cell an annular chloroplast of a hollow cylindrical 
shape, such as is often realised in Wothrix zonata (fig. 57 A). 

The Ulotrichales are characterised by possessing simple un¬ 
branched, little differentiated filaments, which in some families give 
rise to foliaceous expanses. They include a number of separate series 
which possibly have an independent origin and must be regarded 
as distinct suborders; these are the Ulotrichineae, the Prasiolineae, 
and the Sphaeropleineae which are best considered separately. 


THE SUBORDER ULOTRICHINEAE 
(a) The Filamentous Types 

The forms included in the family Ulotrichaceae would seem to be 
the most primitive filamentous types among the Green Algae. The 

2 HL5 T an . Unbranch 5 , d l row of cylindrical, uninucleate cells 
l P h f' 0 r dlv, f ,0,, t 0f ,abour » exce Pt that the basal cell of the 

areon,^ 

organisation of the middle lamella of the septum rema.nl! P ° n d ' S ' 

tendency for dissociation of the threads irno^hf ’ ^ th . ere , ,s a g reat 
.hae even few-cel.ed ma m en t Ia “““<tf "tT ^ S ° 

U. aeL?a e (fig. % A°m tr COm T in “ ! kinds of >r«hwate re , 

where it forms bright green attach^ malT* 6 ™ 110 ? f '. fl ° win g waters, 
autumn. Several species are mariner T’ ^ PCC,a l y m s P rin g and 
U.flacca (Dillw.) Thur. is not nnl <, : 3,q6) ’ and one of these, 
between tide-marks and in tho * ofte ” 3 cbaract eristic form 
but also occurs frequently on sahmarsh^ th ® Htt0ral zo ne<M. 9 6), 
>s a lithophyte in estuarS (^ 9 Tp S 7 (< ' #> ^ V ' 



Fig. 57. Structure and reproduction of Ulothrix. A, B, D P, Z, U. J°™**J* 
kL . C, U. rorida Kutz ; Q, S-W. U. variabilis Kutz.; X. U. ^spora 
West; Y, U. oscillarina Kutz. A, B. threads to show form o f chloroplast 
C, swarmer-formation; D, escape and fusion of gametes ; D J'deration of 

same; E, germlings of macrozoospores; F, macrozoospore towards end ot 

period of movement; G, 1-6, successive stages m K 

(earlier than those in E); H, macrozoospore; I, m.crozoospore, J, K, germ.na 
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The cells of Ulothrix 1 are often shorter than broad or as long as 
broad (fig. 57 A, B), and, in the wider forms, have thick lamellose 
walls. The parietal chloroplast, provided with one or several pyrenoids 
(fig. 57 B), takes the form of a complete girdle in U. zonata (at least 
in the wider threads of this very variable species), whilst in most 
species of the genus it does not appear to extend round much more 
than about half the circumference of the cell, although generally 
occupying the whole length of the latter. In the closely allied genus 
Pearsoniella ((33) p. 314) the annular chloroplasts are in the mature 
condition produced at their margins into a number of finger-shaped 
lobes (fig. 58 A). 


Lagerheim’s Uronema confervicolum ((58), (94); cf. also (91a) p. 74) is 
distinguished from Ulothrix by the colourless hemispherical attaching 
disc secreted by the basal cell (fig. 58 B, d), the commonly elongate cells, 
and the acuminate apex of the terminal cell. Other species that have 
been described (38.48) (fig. 58 C) lack one or other of these characteristics, 
and it remains doubtful whether Uronema can really be regarded as an 
independent genus(7.3S.48). Some of the other forms certainly seem 
to link it with Ulothrix. The possibility that Uronema is a reduced 
member of Chaetophorales must also be kept in view. 

The same uncertainty attaches to the form known as Schizomeris 
Leibleinii Kiitz. 2 ((27), (45); cf. also (33) p. 317), which is characterised 
by the fact that the cells, at first arranged in a single row, undergo 
division along different planes, so that the threads come to consist of 
several series of firmly united cells, the whole encased in a firm 
envelope which appears to correspond to the wall of the original thread 
(hg. 58 E, F). According to Korschikoff<54) the chloroplast is a coarsely 
reticulate parietal plate (fig. 58 G). Similar Schizomeris-stages are 
however, known to occur in species of Ulothrix ((19) p. 558) and in 
Pearsoniella (*j) and they have also been recorded in Uronema- like 
forms (38). Whatever the validity of Schizomeris may be, it is of interest 
because it shows the tendency to division in more than one plane which 

; 8 S 6 f D ara - r,St,C m the Ulvaceae ( cf - P- 212). Korschikoff ((54); cf. also 
w» p. 457) would in fact refer it to that family, but this will scarcely 
meet with general approval. y 


See (25), (37), Us). 

* Watson and Tildenfoa) are of the 
belong to 5 . Leibleinii . 


opinion that all 


the described 


species 


~ isms 

Fritsch; the rest after Klebs.) Cho,n °ky; R after Cienkowski; Y after 
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The great diversity in type of chloroplast evident in the descriptions 
of Ulothrix, Pearsoniella, and Schizomeris indicates a need for a careful 
comparative study of these different forms which may well differ more 
profoundly in this respect than in the mode of division of the filaments. 



Fig. 58. A, Pearsoniella variabilis Fritsch & Rich (after Fritsch & Rich). 

B, Uronetna conjervicolum Lagerh. (after West). C, , 'J?£? omer is Leibleinii 
(after Hodgetts); D shows liberat.on of zoospore. E-G. 

KUtz. (after Korschikoff); E. young thread ; F, P a « of an rat after 

cells. H, J-N, Hormidutm flaccidum (Kutz.) Br. (J, N at . .. d 

disc; n t nucleus;/), pyrenoid. 
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Apart from the above-mentioned fragmentation, Ulothrix repro¬ 
duces abundantly by means of swarmers whose formation usually 
commences near the apex and progresses towards the base of the 
filament. 1 The first indication of swarmer-formation is afforded by 
the extension of the chloroplast which bends over on to the end walls. 
This is followed by a slight rounding off of the protoplast which then 
divides successively (fig. 57 C) into two, four, eight, or more parts. 
According to Pascher ((7*> p. 154) the first division is longitudinal, 
while according to Gross ((41) p. 223) swarmer-formation is effected 
by simultaneous division in some species of the genus. The products 
are liberated through a small aperture formed on one side of the cell 
(fig. 57 D) into a delicate evanescent mucilage-bladder (fig. 57 D'). 
In the smaller species it sometimes happens that but a single swarmer 
is formed from the entire contents of the cell. In U. variabi/isin) the 
cells producing zoospores are described by Cholnoky as being 
arranged in a linear series, and in all except the last division septa are 
formed between the products (fig. 57 S-U). 

It appears that three types of swarmers may be produced in 
Ulothrix zonata(si.bi. 7 o), viz. ( a ) quadrifiagellate macrozoospores 
formed in small numbers from the mother-cell, ( b ) quadri- or 
biflagellate microzoospores, and (r) biflagellatc gametes, the last two 
formed in large numbers. The macrozoospores (fig. 57 H) are ovoid 
in shape, often with a pointed posterior extremity and, according to 
Klebs, are usually a little flattened; the stigma is anterior and does 
not project from the surface of the protoplast. The microzoospores 
( fi g- 5.7 I) are narrowly ovoid, not flattened, and rounded at the 
posterior end; the stigma lies in the middle of the body and forms a 
projecting ridge. The gametes (fig. 57 M) are quite similar, though in 
general smaller and rather more rounded than the microzoospores. 
According to Klebs ((52) p. 316) and Pascher ((70) p. 26), although the 
three types of swarmers exhibit transitions in size and in the position 
of the stigma, the dimensions of each vary about their own mean. 

The smaller macrozoospores, however, commonly possess a median 
stigma, while some of the smaller microzoospores may be biflagellate 
and others tend to become so by casting off of two of the flagella. 

k aC l° ZOOSP0reS 3nd gametes are the m ost sharply differentiated types 
wh!ch arc scarcely connected by transitions, while the microzoospores 
stand between and grade over to them in both directions. According 
o olnoky(i7) the gametes in U. variobilis are formed from potential 

zoospores which fail to escape and undergo further subdivision to form 
the se XuaI swarmers (fig 5? v W) . he ; s of the opinion that the gametes 

of U. zonata arise in a like manner. 


1 See (.7). (23), (2s), (52), (87c), (93) p. 284. 

only two tra^v^r v ° tiCCable , that ?‘ ebs (<S2) P ' 3 ° 5 ) fi « urcs «•!« « which 
transversely arranged products are evident (cf. also (41) p. 223). 
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Macro- and microzoospores are positively phototactic to different 
light-intensities and can thus be separated ((70) p. 78); moreover, the 
latter may at low temperatures and in bright illumination exhibit a 
much longer period of movement (2-6 days) than the former, which 
usually come to rest within 24 hours and often move for a much shorter 
period. According to Klebs ((52) p. 319) germination of the micro¬ 
zoospores only takes place at low temperatures (io c C. and below); 
they develop slowly (cf. fig. 57 L), rounding off on coming to rest, then 
putting out a rhizoid, and growing into a narrow filament, narrower 
than that produced from the macrozoospores (fig. 57 J, K). Occa¬ 
sionally the microzoospores develop into resting cells ((70) p. 87). It is 
noteworthy that Gross (41) was unable to find microzoospores in her 
material, nor does Cholnoky(i7) report them in U. variabilis; possibly 
they are not produced in all habitats. Regel (75) states that in nature 
they are more particularly formed in the autumn. 

The macrozoospores, which no doubt constitute the usual method 
of asexual propagation, commence to broaden in the last phases of 
their movementuo (fig. 57 F), and this continues after a substratum 
has been reached (fig. 57 G, 1, 2), so that the swarmer becomes con¬ 
siderably broader than long. Attachment is effected by the posterior 
end, and in this connection it is of interest that the stigma shifts to 
the back end (fig. 57 F) as soon as the broadening of the spore com¬ 
mences. After a membrane has been formed (fig. 57 G, 3, 4), the cell 
grows out laterally at right angles to the original longitudinal axis to 
form on the one hand the attaching rhizoid (fig. 57 G, 5, 6), on the 
other the ordinary cells of the new filament (fig. 57 E). 

The gametes, which are usually liberated in the morning, are 
isogamous, but fusion normally only takes place between gametes 
from distinct threadsun, 1 and in many species never occurs when 
those from a single thread alone are present. The quadriflagellate 
spindle-shaped zygote (fig. 57 O) soon rounds off to form a spherical 
thick-walled resting zygospore (fig. 57 P) which according to Dodelfes) 
may occasionally form a rhizoid-like attaching organ. On germina- 
tionus.so.sz) the contents divide into a number of parts which 
apparently usually develop as aplanospores (fig. 57 Z); Dodel 
observed eye-spots and from this concluded a liberation of swarmers, 
but this has never been confirmed. Gross has shown that reduction 
occurs at the first division in the zygote, thus confirming the belief 
that Ulothrix is haploid. Parthenogenesis has been induced artificially 
by Klebs(52),the parthenospores behaving just like the normal zygotes. 

During asexual reproduction aplanospores are commonly formed 
in place of swarmers, and the occasional Palmella -stages (fig. 57 R) 
are obviously but a modification of such aplanospore-formation in 
which both the parent-membrane and the membranes of the suc- 

1 According to Lind(62) gametes from adjacent cells fuse in U. ronda. 
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cessive aplanospores become highly mucilaginous. Akinetes are also 
occasionally produced by thickening, often accompanied by partial 
gelatinisation, of the walls and accumulation of food-reserves within 
the cells (fig. 57 X, ^ ). It is of interest that the same striking diversity 
of reproductive methods is encountered in StigeocIonium , the centra'l 
type of the Chaetophoraceae. What is known about the reproduction 
of Pearsoniellat, 87) and £ ronenia (fig. 58 D) does not indicate any 
marked difference from Ulothrix, while in Schizumeris the liberation 
of swarmers is usually described as taking place from the apex of the 
filament after breaking down of the cross-walls (cf. however < 54 )). 
Sexual reproduction is unknown in these three forms. 

The other Ulotrichaceae are even less completely studied. Hor- 
mtdium 7 .37.s*.71) is often confused with Ulothrix , and in the present 
state of our knowledge the exact limits of the two genera are difficult 
to define. The extreme forms are, however, readily distinguished. 

1 he chloroplast of Hormidium is relatively small and in the commonly 
elongated cells often occupies only about half the length; in shape, 
moreover, it is typically a circular or elliptical plate (fig. 58 I, M) and 

™ U * COnt ™ ,S markedl y with the more rectangular chloroplast of 

th a ru lS a d,stinct pyrcnoid. The colourless cytoplasm at 
e en s o the cells not uncommonly contains prominent vacuoles 
enclosing granules of uncertain nature(s3). 

J^ dUCti ™ by fra K mentati °n is frequent (fig. 58 H), occurring 
l? A* 3 \j m » be tcrrestr ial species, the commonest of which is 
o(^?\ dUm \ A ' Br / 1 11 fret l uent, y takes Place at points of bending 
• reads ’ SO tilat fragmenting filaments often present a charac- 
C f'f Za ^ appearance. Especially in the aquatic species there is 

develoo sin»r,? 0n of short Pseudo-branches (fig. s 8 I, *), which 
f y P airs at P°»nts where the threads exhibit knee- 

tufts in H 60 - S rivu ^ are Kiitz., not uncommon as bright green 

areoftP °' vln S water > these branches grow into short rhizoids which 

are vroLt° * ^ Cnds ° f the threads ' Thcse P^udo-branches 

found in the CXpreSSi ° n ° f the tendenc >' fragment 

Characterktin° dS rc P roduct ‘ on are only known in a few species, 
tioned as wel| Z °° Sp0r S haVC been observed in th e two above men- 
characterised "‘v™ I y ienegh - (, °- s * ) .* a terrestrial species 

threads Th ^ silky glistening strata which are formed by the 
from rapid divis^ SP ° reS a u re fl P roduced sin gly from short cells resulting 
a flattened tentra!*’ b,flage ) la ^ e and dorsiventral in structure with 

chloroplast Hes ffii ^ ^ agaU1St which the 

of Hormidium posfei such that 3,1 SpCcieS 

Baltic insuring. reC ° rds th,s s P ecies as abundant on the coastal ice of the 
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Wille(99), in a form of H. flaccidum, described aplanospores which 
either divided to form groups of rounded cells or developed into resting 
spores with a membrane bearing minute spines (fig. 58 J, h). He also 
recorded ovoid biflagellate gametes (fig. 58 N), otherwise unknown in 
Hormidium. They were formed singly or in twos and were of two 
slightly different sizes, the larger gametes also developing into short 
threads directly. Thick-walled resting akinetes have also been observed 
in some of the species of Hormidium. 


Other Ulotrichaceae, all possessing a parietal chloroplast, are 
characterised by an extensive development of mucilage around or 
between the cells. Thus, in Geminella 1 (including Hormospora 
de Brebisson) and Radiofilumi 80) the threads are provided with a more 
or less well-marked cylindrical mucilage-sheath which is homogeneous 
in the former (fig. 59 A, B), but usually exhibits a fibrillar structure 
at right angles to the longitudinal axis in the latter (fig. 59 J). rhe 
mode of origin of this sheath is not clearly established, but it is 
probably an excretion from the cells. In Geminella (fig. 59 A) the 
cells are generally longer than broad, oblong or ellipsoidal with 
rounded ends, and are often separated by mucilage ; in G. interrupta 
(fig. 59 B) they are commonly placed in pairs which represent the 
products of a recent division. Most species of Radiofilum (fig. 59 
G, J) possess cells which are wider than they are long, and the genus 
is further characterised by the fact that the cell-wall is always com¬ 
posed of two pieces. 2 Not much is known about the reproduction of 
these two genera, except that vegetative multiplication is the rule, 
doubtful zoospores are recorded in Radiofilum ((80) p. 48). 

Binuclearia tatrana Wittr.(8i,82..oi), not uncommon in boggy waters 
in mountainous districts, is characterised by the marked thickening an 
prominent transverse stratification of the older septa (fig. 59 ® s 

formed by recent division are thus found in close juxtaposition, w 1 e 
the older ones are more remote. Mature threads often possess a 
mucilage-envelope. The cells have rounded ends and the usual gird e- 
shaped chloroplast in which a pyrenoid is not readily ,stin [' ul f \ ' 

Reproduction is usually effected by thick-walled akinetes, w ic ° 
germinate without separating from one another, their 1 


* GriissU*) describes a form from the Devonian ^ 

Homiosporites, which is supposed to be allied to opinion as to the 

figured do not warrant the expression of an> 

relationship. fl nr« to the filamentous 

2 In some respects this genus shows resc . .• as a i S o does 

Desmids (cf. (i«», but the parietal chloroplast spea g , 

the occurrence of zoospores, if their presence £ • . which is 

9 Biflagellate zoospores are also reported in GlMUla i.m p. 357 > ^ 

often included in Geminella, whilst other aut on 1 f the threads 

distinct owing to the absence of pyreno.ds and the tendency 01 

to split into short lengths (cf. fig. 59 
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walls forming bands across the threads at intervals (fig. 59 I). Zoospores 
and aplanospores are also recorded. 

The marked tendency to reproduce by fragmentation which is found 
in many Ulotrichaceae reaches its extreme in Stichococcus(i, 16,37,40a), 
which normally develops only very short few-celled threads in which 
adjacent cells are usually only in contact along part of their surface. 
The threads are often found fragmenting into the individual cells 
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division. G, Radiofilum apitula,™ wj‘ hTb' S,n « ,e K, cell- 
I. akincte-formation. J, RadiofUun, a H ’ 1 ' 1 ? lnucle <*rta tatrana Wittr 

C.f,er Chod „, o f kX'k'?'- ? L ^mi 

I after Gutwmski; the rest after West.) * Klercker; G after Bohlin ; 




208 


ULOTRICHALES 


(fig* 59 F, K). The latter are cylindrical with rounded ends, thin walls, 
and a chloroplast devoid of a pyrenoid 1 (fig. 59 E). VischerfoO finds 
that cohesion of the cells depends on the colloidal state (degree of 
hydration) of the membranes; splitting is favoured by growth in liquid 
media and by the presence of ions that tend to cause swelling. Nad- 
son (67) has recorded the formation of hypnospores in S. bacillaris. 
According to Chodat(i4) this species comprises a large number of 
elementary species which can be distinguished by their mode of growth 
in pure cultures. Like many of the Chlorococcales Stichococciis thrives 
best when supplied with carbohydrates in the form of glucose( 3 . 4 .* 6 , 

63.68). 


Microspora 

The genus Microspora has suffered many vicissitudes. .After Lager- 
heim(57.59) first clearly distinguished it from Tribonema 2 with which 
it was long confused, it was regarded as sufficiently distinct from other 
Green Algae to be placed in an order of its own (Microsporales), 
whilst in the recent revision of the Chlorophyceae by Printz it is 
included in the Ulotrichaceae ((73) p. 170), without even being 
relegated to a distinct tribe. The change of attitude is due to the 
realisation that its distinctive features do not separate it off as sharply 
from other Green Algae as was at first thought. 

The unbranched threads, found in freshwaters mainly in the colder 
periods of the year, are composed of cylindrical or slightly barrel¬ 
shaped cells with cellulose walls which are sometimes thin, but more 
usually somewhat thickened and stratified (fig. 60 A). In some 
(e.g. M. amoena), but by no means in all species the walls in the intact 
threads are clearly composed of two halves (fig. 60 B), which run to 
a point where the two overlap. According to Neuenstein ((69) p. 42) 
the halves are held together by a delicate external membrane which 
is continuous over the thread, while according to Tiffany(«o) there is 
a continuous internal cellulose-layer enveloping the whole protoplast. 
When such threads disintegrate (or after treatment with 20 per cent, 
chromic acid), the walls break up into pieces which appear H-shaped 
in optical section, each such piece consisting of a septum and the 
halves of the lateral walls of two adjacent cells (fig. 60 D). In the 
possession of this type of wall-structure Microspora resembles 
Tribonema , intermingled with which it often occurs. 

1 Some species of the genus Gloeotila (cf. footnote 3 on p. 206) resemble 
Stichococcus in the absence of a pyrenoid and the occurrence of abundant 
fragmentation. Here, however, there is also reproduction by zoospores. 

1 Steinecke’s contention (87 b) of a direct affinity between the two genera 
cannot be regarded as securely founded. In ordinary habitats, where the two 
often grow intermingled, they exhibit profound differences. 
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Printz ((73) p. 159) states that such H-shaped pieces can occasionally 
also be recognised in the walls of typical Ulotrichaceae (e.g. Hormidium 
rivulare ), and Steinecke(87a) draws attention to the fact that the edges 
of the pores, through which the swarmers of an Ulothrix escape, are 
commonly pointed, as if derived from two halves of the wall. It may 
be doubted, however, whether such features are strictly comparable 



Sf;^'i? trU f Ur ^ a 2 f »!P r0dU< ? i ? n ,°, f Micros P ora - A-D. I-M, M. amoena 
UVUtz.) Lagerh. ; E, H, Af. tumidula Hazen; F, M. floccosa (Vauch.) Thur 

G, M. «agnorum ( Kiitz.) Lagerh. A, thread; B, formation and liberation of 

zoospores; C, early cleavage in swarmer-formation; D, H-piece; E, liberation 

H ^XronlatI’ P r ,eCe f '* ^ S'* the Same * 8 ela tmisation of walls; 

H chloroplast-stnicture; I-K, stages in germination of aplanospores • 

afte^Meyer.*) te ' ’ format, ° n ° f the latter ‘ ( A * E ~ H after West, the resi 

with the ty pical bipartite structure of the Microspora- wall. In some 
species (M tumidula) m which this structure is not recognisable in 

-n“! p “o)'.' 1 ShOWn bC PrCSent by appropriate treat- 

anlJr chIor °P | 1 . ast of Microspora ((,3) p. 289. (6 4 >) is parietal and 
appears normally to occupy the whole peripheral cytoplasm even 
extending over the end-walls of the cells. It is usually of uneven 
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thickness, being thickened at certain points to form cushions (fig. 
60 H), and is often more or less reticulate in character (fig. 60 A); 
in some species (e.g. iT/. Willeana) it appears to consist of a number 
of loosely connected bands which are often moniliform in nature. 
There are never any pyrenoids, but small starch-grains are often 
present. There is a single central nucleus, which is often large and 
distinct; its structure and division have been studied by Neuenstein 
and Cholnokyo8.6g) (cf. fig. io L-P). 

As in Ulothrix , diverse kinds of swarmers are known. The usual 
type is ovate and bifiagellate (fig. 60 E-G). These swarmers are 
produced generally to the number of one or two 1 per cell, being set 
free by disintegration of the walls into their H-shaped components 
(fig. 60 E, F) or by gelatinisation (fig. 60 G) of the cell-membranes 
((93) p. 290). £ln addition quadriflagellate zoospores are recorded in 
M. Willeana (6 4 )^These two kinds of swarmers appear to be definitely 
asexual. Apart from these, pear-shaped or elongate bifiagellate 
swarmers, from 2 to 16 of which are formed in each cell, have been 
observed in some species and these are possibly gametes( 88 . 93 ). 
Fusion has been recorded by Steineckets? b) in M. tumidula where the 
gametes are stated to have unequal flagella. All three types of 
swarmers can develop as aplanospores (fig. 60 M) and, when formed 
singly, such structures often develop into hypnosporesigs). Thick- 
walled akinetes, square or rectangular in optical section, generally 
arranged in long chains, arc not uncommonly produced. 

In the germination of the zoospores or aplanospores(6 4 . 9 3) the first 
division is by a normal septum, the smaller of the two resulting cells 
playing no further part in the development of the thread and probably 
corresponding to an attaching cell, even when not functional (fig. 60 I). 
In those species which possess the H-structure, this is developed at 
the second division by transverse rupture of the wall subsequent to 
the apposition of an internal cylindrical strip of membrane; from the 
middle of the latter a septum gradually grows across the cell-cavity 
(fig. 60 J, K). In other cases normal transverse division appears to 
continue throughout the life of the filament ((93) fig? 185 H-J). 

Microspora shows sufficient peculiarities (chloroplast, wall- 
structure, absence of pyrenoids) to warrant keeping it for the present 
in a distinct family, Microsporaceae. 

Cylindrocapsa 

In the few forms so far considered in which sexual reproduction has 
been observed, this is essentially isogamous, and in this respect there 
is correspondence with the simple vegetative status (simple chloro- 
plasts, lack of division of labour between the cells, the unbranched 

1 Sometimes, however, in larger numbers (cf. fig. 60 C). 
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habit). In the rare Cylindrocapsa ((19), (86) p. 388, (93) p. 291), 
however, we have well-marked oogamy, despite the fact that the 
vegetative structure is so little different from that of the Ulotrichaceae 
that it is often included in this family. The threads of C. involuta 
Reinsch (fig. 61 A) consist, when young, of a row of elliptical cells 
with thick stratified walls and a parietal, massive, often ill-defined 
chloroplast containing a single pyrenoid, the whole enclosed in a 
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within the sheath. Each gives rise to two elongate biflagellate 
spermatozoids (cf. fig. 61 D, s) of a brownish red colour, which are 
liberated by rupture or gelatinisation of one side of the membrane. 
The oogonia (fig. 61 D) are represented by much enlarged spherical 
or ovoid structures with a thick stratified wall which opens by a 
rather wide lateral pore. The single ovum (o) is formed by contraction 
of the protoplast and, after fertilisation, acquires a thick wall and 
brick-red contents. Germination of the oospore has not been observed, 
but parthenogenesis, in which the green ova divide into 2-4 cells 
which grow into new threads, has been recorded* 19). 

In its sexual reproduction Cylindrocapsa shows considerable 
resemblances to Oedogonium, but it may be doubted whether this 
implies any actual affinity. 


( b) The Thalloid Types (Ulvaceae) 


An advance in vegetative construction on the forms hitherto discussed 
is seen in the Ulvaceae which are distinguished by the production 
of a parenchymatous thallus as a result of the division of the cells in 
more than one plane. Unlike the other Ulotrichineae they are essen¬ 
tially marine, occurring mainly in the littoral zone or near low-tide 
level. Species of Enteromorpha and Monostroma are, however, found 
in freshwaters, and several of the marine Enteromorphas (e.g. 
E. compressa Grew) and Vivas are capable of existing in a rather wide 
range of salinities, often ascending some distance into estuaries, 
especially when there is some pollution. Cotton(21) has shown that 
Viva Lactuca var. latissima thrives in sewage-polluted waters and 
under these conditions contains an increased amount of nitrogen. 
Species of Enteromorpha (e.g. E. compressa) and Viva commonly 
occur in the upper part of the littoral zone on rocky shores and are 
often found where supplies of fresh water escape from the cliffs 


((22) p. 22, (40), <53 «>)- _ II k t 

Except in Monostroma the young plants consist of a basally attached 

filament (figs. 62 A, 64 L-N) which is often very much like that of 

a species of VlothrixW .«<». Longitudinal division sets in at an earlier 

or later stage (fig. 62 C) and leads to the formation of a two-layered 

expanse which becomes broad and fiat with the two layers in^ close 

contact in the cosmopolitan genus Viva (sea lettuce, fig. >2 ') an 

the extra-European Letterstedtia (fig. 63 A). In Enteromorpha on 

the other hand (fig. 63 B), the two layers separate at an early stage 

and subsequently divide only by walls at right angles to the surface 

forming long intestiniform tubes with a one-layered wall Growth 

in Enteromorpha is partly effected by an apical cell which divides by 

transverse and longitudinal walls into segments which increase ‘he 

length of the thallus ((73) p. 173)- The latter, however, also enlarges 
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by intercalary division. The branches, common in various species of 
Enteromorpha , likewise grow partly with the aid of an apical cell which 
arises promiscuously from any cell of the main axis. In Letterstedtia (o 
the thallus is not as broad as in Viva and is usually extensively 
branched, the various branches bearing many small serrations which 
arise as outgrowths or as a result of tearing of the margin (fig. 63 A). 



• 

Fig. 62. Structure and reproduction of Ulva I nr turn i a r* . 

B. parthenospore; D ccll-strurtnr^ v Lu? v A. C. youn R plants 


by gradual enlargement a vesicular thallus is produced which at ar 
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All Ulvaceae are primarily attached to a substratum, Ulva and 
Enteromorpha often throughout life. The basal part of an Viva is 
narrowed into a short stalk, dilating into a more or less marked 
attaching disc (fig. 62 E). The latter is formed from the primary 
attaching cell (fig. 62 A) strengthened by numerous multinucleate 
rhizoids that grow out from the lower cells of the thallus and broaden 
out at their tips adjacent to the substratum<2 4 .8 9 ). These rhizoids in 
part push their way between the two layers of the thallus (fig. 62 G, h), 
in part penetrate to the exterior and appear as interwoven strands 
apposed to the stalk. According to Schiller(78» some of these rhizoids 
may develop into green filaments producing secondary thalli, hence 
the frequent tufted growth. Both in Enteromorpha (46) and Ulva new 
thalli may also arise from the mature attaching discs, which appear 
to be perennial in the case of some species of Ulva, while the laminae 
become disorganised at the end of each season. When Ulva grows 
attached to other seaweeds, some of the rhizoids may penetrate 
between the cells of the substratum. Similar rhizoids are also known 
in Enteromorpha and Monostroma Uoo). 

The cells are usually placed with their long axes at right angles to 
the surface of the thallus (fig. 62 G). They contain a single parietal 
chloroplast, often with deeply incised or lobed margins and including 
a single pyrenoid (fig. 62 D, F). The chloroplast is mostly located on 
the outer side of the cell, while the nucleus lies adjacent to the inner 
wall; darkening of Ulva Lactnca leads to a shifting of the chloroplast 
to the side-walls<8 4 ). According to Henckel the chloroplast in Entero¬ 
morpha intestinalis always lies against the lower side of the cell( 4 7 ). 
The cell-walls are generally distinctly stratified. 

Vegetative reproduction may be effected by detached fragments of 
the thalli. This occurs commonly in Ulva and may lead to the forma¬ 
tion of loose-lving communities(79), while Carter (03) p. 347, (130)) 
records unattached forms of Enteromorpha on salt marshes. In 
Monostroma bullosum detachment of marginal groups of cells or of 
specially differentiated akinetes has been observed. Zoospores, which 
are as a rule quadriflagellate (fig. 64 I) and are formed by successive 
division of the contents of any of the ordinary cells into 4-8 parts, 
are known in all genera; they are liberated through a hole formed in 
the wall. 

Sexual reproduction is known in Monostroma(,i2. 15.66), Ulvats.* 8.78), 
and Enteromorpha(2.4b.43.ss), all of which appear normally to be 
dioecious, only gametes from distinct plants conjugating with one 
another. 1 In the case of the two last-named genera it has, moreover, 

* Schiller ((78) p. 1702), however, records copulation between the gametes 
while still within the parent-cell, although he was unable to follow up the 
further development of such zygotes. According to Bliding( 4 6) Enteromorpha 
Lima and E. procera possess only asexual swarmers. 
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been shown( 4 *.28,43) that there is a regular alternation between a 
diploid asexual and a haploid sexual generation, the two resembling 
one another in all outward respects. Reduction, although not yet 
fully established on a cytological basis, no doubt occurs at the first 
division in the formation of the zoospores. The gametes are bifiagellate 
(figs. 63 D, 64 A, B) and are formed in any cell in the same way as the 
zoospores, usually to the number of eight; they are smaller than the 
zoospores. Those of Lira have a prominently projecting posterior 
stigma (fig. 62 B). Swarmer-formation usually takes place over 
extensive areas of the thallus, commonly proceeding inwards from 
the margin, the portions that have already discharged their contents 
appearing white. 

When gametes of different strains are brought together dense 
aggregates are formed, as in other isogamous Algae. The gametes 
usually show pronounced positive phototaxis, but immediately after 
fusion the reaction changes to a negative one(«,28,ss.66). In most 
cases there are appreciable variations in size among the gametes, but 
except in Enteromorpha (especially E. intestinalis) there appear to be 
no constant differences between the two sexes. Carteroi), however, 
states that the female gametes of Monostroma are on the whole slightly 
larger than the male (cf.also non p. 109). In Enteromorpha intestinalis, 
male plants are according to Kylin'55) readily distinguished with the 
naked eye by the orange-yellow colour of the fertile portions, while 
in the female plants these are yellowish green and not so distinctive. 
'Both kinds of gametes arc pear-shaped (fig. 64 A, B), but the male are 
smaller and narrower; they possess a pale yellowish green chloroplast 
with a rudimentary pyrenoid, while in the female gametes the chloro¬ 
plast is green and has a distinct pyrenoid. The zygote (fig. 64 h) at 
first contains two chloroplasts, but that of the male soon disorganises. 
The gametes of Ulvaceae apparently readily give rise to partheno- 
spores which behave like the sexually produced zygotes (cf. (12), ( 7 *)); 
according to Schiller those of Ulva arise from gametes larger than 
the normal ones. In the case of Enteromorpha clathrata BlidingU*) 
found that such parthenogenctic gametes gave rise only to plants of 
their respective sex. There would seem to be some variability with 
respect to the behaviour of the spores, since some observers record 
immediate germination, whilst others speak of a resting period. 

The fact that the Ulvaceae exhibit isomorphic (homologous) 
alternation, whereas in Ulothrix the diploid generation is represented 
only by the zvgote, is quite in conformity with the higher vegetative 
differentiation of the former. The Ulvaceae are clearly an advance 
on the Ulotrichaceae, the direction of which is indicated by the 
Schizomeris -stages of Ulothrix (p. 201). It is of very considerable 
interest that the point of the reduction division has been shifted in 
correspondence with this vegetative advance. There can be little 
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doubt that the Ulvaceae have originated from filamentous types, in 
view of the fact that the majority start life as a simple filament. Young 
stages of Enteromorpha are scarcely to be distinguished from Ulothrix. 
Even in Monostroma it would seem that the early stages are sometimes 
filamentousus). The placing of the Ulvaceae in a separate order(86,93) 

<3 view that relates Ulvaceae and 

Tetrasporaceae has no basis in fact. It is of interest that parallel types 
occur both in Brown and Red Algae, and these too are referable to 
a filamentous ancestrv. 



£E\- 64 ‘i- ■ r fP 5 °„ duct, < m and zygote-development in Enteromorpha 

ntestmahs (L.) Link (after Kylin). A, female, and 13 . male gametes; C-E 
stages in sexual fusion; F, zygote; G. H, young plants derived from zygotes; 

zoos P°re; J-N, successive stages in the development of the plant from the 
zoospore. />, pyrenoid; s, stigma. 


THE SUBORDER PRASIOLINEAE 

By contrast to the parietal chloroplast which characterises all the 

preceding forms, the genus Prasiola 1 has an axile stellate chloroplast 

with a large central pyrenoid in each cell (fig. 65 D); there is a single 

ucieus Species of the genus occur both subaerially, as well as in 
xresh and salt water. 

w!th h fl early ® ta S e . s commonly consist of a simple unbranched filament 

(the ul C ^ ,ndr,cal cells(36) and relatively thick longitudinal walls 
nnidium- stage, fig. 65 B, C (lower part), E), and this may 

1 See (8), (37), ( 49)i (60), (06—98). 
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remain the condition throughout life. Usually, however, longitudinal 
divisions set in sooner or later and lead to the formation of two or four 
longitudinal rows of cells (Schizogonium-stage, fig. 65 C) or of a more 
or less expanded and often irregular foliaceous thallus, mostly con¬ 
sisting of a single layer of cells (fig. 65 A, B). In these expanded thalli 
the cells are small, quadrate or polygonal in outline, and generally 
elongated at right angles to the surface; they are commonly very 
regularly arranged in groups of four, larger or smaller aggregates of 
which are separated by thicker walls in a characteristic manner. Short 
rhizoids may grow out from the cells of the lower, often stalk-like 
portions of these thalli; these rhizoids may be cut off by a wall from 
the parent-cell and may grow out into short multicellular threads 
Similar rhizoids are sometimes produced by the marginal cells of the 
leafy expanses. 

Reproduction takes place in the filamentous stage by fragmentation, 
usually brought about by the dying of isolated cells which appear 
at first as deep green biconcave structures with homogeneous contents. 
In the leafy thalli budding often occurs from the margins, leading 
to the detachment of single cells, short threads, or small expanses. 
Large, round thick-walled akinetes (fig. 65 E) are also formed which 
can grow directly into new plants or on germination give rise to a 
number o’f aplanospores (fig. 65 F, G) from which the new plants are 
produced<<>8). There is no certain evidence of the occurrence of 
swarmers. Yabedo*) has recently described a sexual reproductive 
process in P.japonica, the biflagellate gametes being of two sizes and 
fdrmed by division of the cell-contents along three planes. No evidence 
is produced, however, that the swarmers shown in the figures arc 
actually liberated from the Prasiola- cells, nor do the former show the 
structural features typical of the genus. For the present, therefore, 
the occurrence of such reproduction, whilst not necessarily im¬ 
probable, must await more definite substantiation. 

The common terrestrial species, Prasiola crispa, which occurs also 
in the spray zone on rocky shores, exhibits a very varied differentiation 
in different habitats. Under certain conditions (e.g. under the shade 
of trees) the filamentous stage may persist indefinitely. At other times 
the cells may undergo radial and tangential longitudinal division 
(cf. (73) p. 181) (fig. 65 H, I), a form which has been described under 
the name of Gayella polyrhiza and is regarded by many as belonging 
to a distinct genus ((77) p. 936, (85) p. 279). The leafy expanses are 
commonly met w ith under walls and forming a green carpet between 
the paving stones of quiet streets. P. fluviatilis is met with in cold 
streams, w hile P. stipitaia and P. furfuracea are examples of com¬ 
moner marine forms, the former being often distinctive of the upper 

part of the littoral zone ((69a) p. 79). ... 

The terrestrial species favour habitats in which there is a con- 
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Fig- 65. The genus Prasiola A-P f n- d 

D. G. P. furfuracea (Mert.) Menegh A ^ah'r (Lightf > Menegh.; 
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siderahle accumulation of nitrogenous organic matter 1 and occur, for 
example, in prodigious quantities in the neighbourhood of the penguin 
rookeries in the Antarctic. The subaerial forms are capable of with¬ 
standing very considerable desiccation in the ordinary vegetative 
condition, a faculty which appears to be related to the absence of 
conspicuous vacuoles in the cells and a high degree of viscosity of the 
protoplasm( 3 o, 32 ). 

In spite of the superficial similarity to Ulvaceae, there is little 
probability of any direct relationship in view of the contrasting cell- 
structure. Forms with axile and more or less stellate chloroplasts are 
known both in Yolvocales and Chlorococeales, and it is possible that 
they belong to a distinct, little developed series of which Prasiola 
represents the filamentous and thalloid differentiation. The relation 
between Prasiola and some of the Trcbouxia- like forms met with on 
terrestrial substrata in nature has still to be established; it is not 
impossible that certain of the latter represent unicellular stages in the 
life-cycles of species of the former genus (cf. (»>)). There is much 
superficial resemblance between Prasiola and the Bangiaceae among 
the Rhodophyceae, especially the species of Porphyra. The record of 
Lagerheim((«> of the formation of “ tetraspores” by vertical and hori¬ 
zontal division of enlarged rounded cells in Prasiola mexicana J. Ag., 
an observation that awaits confirmation, has led to a common belief in 
the existence of a relationship between the two sets of forms. I here 
can be no doubt, however, that the resemblances are solely due to 
parallel development, since the pigments in the chromatophores and 
the assimilatory products are quite different in the two groups(s ft >. 


THE SUBORDER SPHAEROPLEINEAE 

♦ 

To this suborder belongs the solitary genus SphacmpUa- the species 
of which are widely distributed over the surface of the earth, though 
mostly of rather localised occurrence. The most usual habitat appears 
to be periodically inundated ground, and the period of vegetative 
activity would often appear to be rather short. 

Sphaeroplea occurs in the form of long unbranched filaments which 
are free-floating from the first. The threads consist of a number of 
often greatly elongated coenocytes (fig. 66 A, B), a feature which is 
responsible for the usual reference of the genus to the Siphonales. 
Each coenocyte normally contains a number (from one or two up 
to 70 in extreme cases) of annular parietal chloroplasts in the shape 
of narrow bands with smooth or more or less denticulate margins and 
with a limited number of pyrenoids arranged in a single series (tig. 

' Letts (ft,) has shown that specimens of Prasiola Krowing on ^‘^eds 
may contain as much as 8 94 per cent, of mtroyen in the dried material. 

2 See (20), (29) p. 524, (31), (34) p. 3 6 . <39), <4<>>, < 6 5 >, <74). 
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66 A). Each such chloroplast occupies the periphery of a concave 
disc of cytoplasm which extends transversely across the coenocyte; 
these discs divide up the central cavity into a succession of large 
vacuoles 0o 4 > alternating with the chloroplasts. The successive green 
rings are usually quite distinct from one another,although reticulation 



■taWaft'? stratture of SpWnp/en (C after Wes., .he remainder 

V ! " K - "/"<•»«« ITi.sch; 

of annular chloronl ist • F ' f ’ '• s,ru ‘-| ure of coenoc > » es ; refculntion 

G-J. s ep,a, in G in K*™n of ,hT K > IUi, '><’ an '' us ° f >«• i 
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of individual chloroplasts, especially during division, is not uncommon 
(fig. 66 D). In certain very wide forms (e.g. S. africana var. crassa) 
the entire chlorophyll-apparatus of the coenocyte comes to be of the 
nature of a diffuse network in which large numbers of pyrenoids are 
irregularly scattered (fig. 66 F). That this is a derivative condition 
from that normally found in the narrower species is shown by the 
fact that young threads in all cases possess separate annular chloro¬ 
plasts 1 and that these may persist locally in parts of occasional 
coenocytes. In the wide forms with a reticulate chloroplast, frag- 
‘ mentation of the latter is a frequent phenomenon. Such reticulation 
and fragmentation appear invariably to occur in coenocytes which 
are preparing to produce ova (cf. below and fig. 67 D). 

In the forms with annular chloroplasts the nuclei are practically 
confined to the cytoplasmic discs, lying internal to the chloroplasts; 
they are few in number in each disc, often only two, sometimes only 
one. On the other hand in the coenocytes with reticulate chloroplasts 
the nuclei are quite irregularly scattered. 

The septa are often peculiar and complex'. In the narrower forms the 
normal septa would seem to be homogeneous ingrowths (fig. 66 A) 
from the longitudinal walls, but in 5 . nfricatia they are composed of 
a series of radial processes (fig. 66 G). The latter, moreover, commonly 
fail to meet at the centre, so that the cytoplasm extends continuously 
from one coenocyte to another through the central aperture (fig. 66 G). 
Such septa would appear also to occur occasionally in most of the other 
species and, where these develop thick septa, thickening is often due 
to the production of irregular processes on cither side of the original 
septum (fig. 66 II, J). It would rather seem as though normal septation 
is disappearing altogether in Sphaeroplca and being replaced by groups 
of radial strands, somewhat comparable to the strengthening strands 
of a Caulerpa (p. 382) and perhaps fulfilling a purely mechanical 
function. 

Apart from fragmentation, only sexual reproduction is known in 
Sphaeroplca, but this is very prolific. The vegetative segments con¬ 
stitute oogonia and antheridia without any change of form, in which 
respect Sphaeroplea is unlike any other oogamous green alga and 
stands on no higher level of differentiation than the majority of iso- 
gamous types. The threads are either monoecious or dioecious and 
the sexual organs are developed singly or in short series. In the 
oogonia<2o,5>) the annular arrangement of the green pigment gives 
place to a reticulate arrangement and the entire protoplasm of t e 
segment becomes gradually cleft (fig. 67 C) into numerous spherical 
ova, provided with a colourless receptive spot, deep green contents 
and a number of pyrenoids (fig. 67 E). There is no nuc ear lvision 

• According to unpublished observations of Miss Talbot. 
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during the formation of the ova and the latter are normally uninucleate. 
Occasionally a small part of the protoplasm is not utilised in the 
formation of the ova and remains behind as a shrunken mass. The 
numerous ova are arranged in a single series (fig. 67 E) or more 
commonly in several longitudinal rows (fig. 67 A). 

In the developing antheridium the annular arrangement of the 
contents remains recognisable until a late stage (fig. 67 B). Abundant 
nuclear division occurs, the pyrenoids gradually become indistinct 
and finally disappear, while the chloroplasts become cleft into 
numerous minute parts and assume a reddish yellow colour (fig. 67 B). 
The mature spermatozoids are uninucleate, of a narrow elongate 
form, and possess two apical flagella and a small yellowish plastid. 

The spermato/.oids are liberated through a number of small round 
or somewhat irregular holes (o), which form in the longitudinal walls 
of the antheridia (fig. 67 B), and similar apertures arise in the oogonial 
walls to allow of the entry of the spermatozoids in fertilisation 
(fig. 67 E, I, u). In all cases the fertilised ovum becomes enveloped 
by a close-fitting, smooth and thin, hyaline membrane, within which 
the two permanent membranes are gradually laid down (fig. 67 H, 
J, m). When these are formed, the primary membrane is shed, and 
in ripe oogonia such empty membranes are to be found in large 
numbers lying alongside of the mature oospores (fig. f>7 K, m). The 
latter are either spherical (fig. 67 H, K.) or provided with a number 
of conspicuous wing-like ridges (fig. 67 J) and the outer membrane 
is ornamented in diverse ways; the contents are coloured brick-red. 


The mature oospore is uninucleate (jy). 

The germination of the oospores has only been observed in 
S. ammlinaub.bs). As a general rule the contents divide to form four 
bifiagellate pear-shaped swarmers, although smaller numbers are 
sometimes found. They commonly retain part ot the red pigment of 
the oospore and are stated to develop a membrane during movement. 
Ultimately they come to rest without reaching a substratum. I he 
body of the swarmer then lengthens to form a spindle-shaped filament 
which may reach a considerable length before the first septum is 
formed (fig. 67 I.). It can hardly be doubted that reduction occurs 
at the first division in the oospore. Sphaeroplea is unique among t e 
Green Algae in the formation of swarmers from the germinating 
zygotes, although they are not known to be produced by the ordinary 
vegetative threads. 

Sphaeroplea occupies a primitive position among the oogamous 
Green Algae in the fact that oogonia and antheridia are constitute 
by the ordinary vegetative segments and that numerous (often 100 or 
more) ova are formed in the oogonium. In l>oth respects its sexual 
organs are directly comparable with those of an Ulothrix (or^of on 
of the Cladophorales), whereas in Siphonales there are usual > p y 



SPHAEROPLEA 


225 


differentiated gametangia. The method of release of the male cells 
and of their admission to the female, through holes in the lateral walls, 
also recalls the state of affairs in Ulothrix. The annular chloroplasts 
so commonly found in Sphaeroplea are very similar to those of 
Ulothrix sonata. If in such a form as the latter no septa were to be 
produced over long intervals, we should obtain a condition practically 
identical with that found in S. annu/ina, etc., where, moreover, we 
get occasionally quite short “cells” with only one or two chloroplasts 
((3D p. 20). In this and other species, again, the nuclei are practically 
confined to the regions of the chloroplasts, and there is sometimes 
only one nucleus to each ring. I'he facts point to the interpretation 
of each chloroplast with its associated nuclei as a single entity, the 
whole coenocyte consisting of a series of such entities, each of which 
may be directly compared with a single Ulothrix- cell. 

The view just propounded that Sphaeroplea is derived from a septate 
Ulotrichaceous type which has ceased to form septa except at rare 
intervals an advance that has gone hand in hand with the acquisition 
of a primitive type of oogamy—receives some further support from 
the fact that septation is apparently tending to disappear altogether 
in some species ot the genus. Lastly, the mode of germination of the 
zygotes in Sphaeroplea is like that of Ulothrix and other haploid Green 
Algae, whilst the zygotes in the diploid Siphonales germinate direct 
A consideration of all these facts removes Sphaeroplea from the 
. lphonales, which it really only resembles in the coenocytic character 
ot its segments, and brings it into close relation with the Ulot richaceae 
A form of great interest in this connection is furnished by the South 

felath”, S t r° plea U 7 “ S {fig ‘ 67 F) * about w h«ch unfortunately 
relatively little is as yet known(j.). The narrow threads of this species 

\ery commonly exhibit empty segments provided with numerous and 

usually remarkably large circular holes (fig. 67 G), while others show- 

preliminary stages in the formation of reproductive cells No traces 

of oogonia are, however, to be found, and there is more than • sus 
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of this species (which will probably be found to warrant the estab¬ 
lishment of a distinct genus) in a more accessible habitat is much to 
be desired, since it may very probably prove to be an important 
connecting link between the normal species of Sphaeroplea and the 
isogamous Ulotrichaceae. 

The Classification of Ulotrichales 

It is only in the Ulotrichineae that there is sufficient diversity of type 
to warrant the establishment of distinct families. Here we may dis¬ 
tinguish : 

1. Ulotrichaceae: Binuclearia, Geminella, Gloeotila (?), Hormidium, 
Pearsoniella, Radiofilum, Schizomeris (?), Stichococcus, Ulothrix, 
Uronema (?). 

2. Microsporaceae: Microspora. 

3. Cylindrocapsaceae: Cylindrocapsa. 

4. Ulvaceae: Enteromorpha, Letterstedtia, Monostroma, Ulva. 

In the Prasiolineae and Sphaeropleineae, each with a single genus 
only, we have the families Prasiolaceae and Sphaeropleaceae. 
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Order IV. CLADOPHORALES 

of ri!e S! tn ? an " s (<5J) P-428) supports the view of a possible derivation 
of the Cladophoraceac from Ulothrix-Uke forms, he, like mos other 
authorities (of. however <6 7a >), places them among the sTphonlks 
the typical representatives of which are regarded as derived from 

U he, Sept h te f0rmS t by 3 gradual ,oss of power of septal 

oftheCladonh Ver ’ r he maj ° rity ° f the fa «s s Peak for a removal' 
of the Cladophoraceae from the Siphonales, to which they showTn 

my opinion only superficial resemblances (cf p 2A2 ) Thev ™ 
het e o a wn r0 a UP d°/ ** 1 ™* " hich have develo Ped'a^g linTof 
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VEGETATIVE STRUCTURE 

(The Cladophoraceae are found both in freshwater and in the sea, 
\vhere they inhabit mainly the rocks of the littoral zone; some, like 
the tropical Pithophora, are exclusively confined to freshwater, whilst 
others like Urospora 1 and Spotigomorpha are found only in the sea 
or in brackish waters) Rhizoclonium riparium Harv. may occur on 
terrestrial substrata beyond reach of the sea (56), while it is commonly 
found on sand-covered rocks or even on pure sand)acting as a binder, 
as well as on salt-marshes ((21) p. 79). This preference for sandy pools 
is also shown by other members of the family (e.g. Chaetomorpha 
aerea)./Cladophora ( Aegagropila) profunda Brandts. 77) is a wide¬ 
spread \bottom-living form in many continental lakes where it is 
recorded as extending to depths of 24 metres. Members of the 
Cladophoraceae have occasionally been observed in symbiosis with 
sponges (40.74)) 

_/The members of this family possess unbranched ( Urospora , 
Chactomorpha , fig. 68 N) or richly branched filaments ( Cladophora , 
fig. 68 A, C; Spongomorpha, fig. 70 B), the cells of which are usually 
multinucleate and mostly elongate^ short cells are frequent in Chaeto- 
morpha(41) and Urospora. In some species of the latter there are short 
branches which are not cut off by a septum from the parent-cell 
(fig. 68 H). The threads of Rhizoclonium (7.15.28.30.68) are often 
altogether unbranched, though in other cases (commonly in the 
marine R. riparium) there are a number of very short, almost colour¬ 
less, one- or few-celled branchlets of irregular shape which resemble, 

but do not function as rhizoids and are responsible for the generic 
name (fig. 68 B). 

There is still much difference of opinion as regards the cell-structure. 
(U is probable that the chloroplast is always fundamentally a single 

1 hlormiscia Fries is a synonym. 


(L ) Kutz R M fi Ure ° f Ctadophoraccae. A. C. Cladophora glomerata 
C. r* ,‘ B ’ , Rhlzoc w l ° mum hteroglyphicum Kutz. var. tortuosum Stockm • 
G. cww yfc, aerea Kutz.; H, Urospora mirabiU, Are.ch. ; I. CladoJ^a 

& „ W ‘ Ue; J J C K “«-i *. C. glomeraU var. 

iZl « Ur °*P° , 1 clor,ga,„ (Rosenv.) Hagcm; N, Chaetomorpha 

einWn C> hab,t; Bl H * branch-formation; D, diagram to 

of P iSn < 2IS , rh- : E -V, F ’ d,agr ? ms of dichotomy and basal fusion ; G. growth 
JhiSS, r„V h ,r, d h- !t nt °K- he cell ; I, K, formation of 

branch wh^hV^k third , rhl f° ,d from the to P emerges from the base of a 

and rhizoid^o'rmation'°M detached : J. Part of chloroplast ; L, cell-structure 
cluster • I J natl °n* M, structure of cell-membrane. 6 , branch* c cell- 

(A, B, M P^af^W Zt l °C °/t rhi ^° id ? ucIcus- ’ P> Pyrenoid; r/rhizoid. 

PrU;“’after wme TVf,?rfK r ° * f, “ R »«"vinge; H, L after 

, auer Wille, J after bchussnig; the rest after Brand.) 
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structure, consisting of a parietal reticulum lodged in the cytoplasmic 
lining of the cell (fig. 69 AyThis reticulum has meshes of very varied 
width and covers both the longitudinal and the transverse walls, 
frequently developing processes that extend inwards into the cyto¬ 
plasmic strands traversing the large central vacuole (fig. 69 B)/There 
are usually numerous scattered pyrenoids that multiply by cftvisiork 
although Printz(ss) records small cells with a single pyrenoid ijr 
Urospora mirabilis. The preceding account is in brief the description 
of the chloroplast given by Carter ((17); cf. also tg) p. 517, (47)) and 
in cells that do not contain too much starch the reticulate distribution 
of the green pigment is readily recognisable. 

More recent investigators on the continent (19.64) have, however, 
maintained the older interpretation of Schmitz ((59) p. 15), according 
to which the mature reticulum is often composed of numerous 
separate, more or less readily distinguishable, discoid chloroplasts, 
some with and some without pyrenoids. According to Schussnig 
((64) p. 482) there is a pyrenoid within each of these chloroplasts in 
C. Suhriana (fig. 68 J), whilst Czempyrek ((23) p. 436) states that in 
C. callicoma the pyrenoids are lodged in the granular ground matter 
between the chloroplasts; the last is probably a misinterpretation. In 
my opinion the nature of the Cladophoraceous chloroplast will never 
be clearly solved until it has been studied in young plants, where 
such evidence as is available would seem to indicate that it is a single 
structure (fig. 68 L) which may not even at first show much reticula¬ 
tion (cf. (55) p. 279). Obvious fragmentation of the chloroplast into 
many small pieces has not infrequently been observed in Chaeto- 
morpha ((so) p. 97) and may no doubt occur at times in other genera. 
^The nuclei 1 are usually numerous and lie internal to or are 
embedded in the chloroplasts, often being distributed with great 
regularity\ In the cells of Rhizoclonium the nuclei are mostly fewer, 
and both here (28.53), as well as in Cladophora ((9) p. 519) and Uro¬ 
spora (ss), there may sometimes be only one or two, while uninucleate 
cells certainly occur in some species of Spongomorpha.y 

A marked characteristic is afforded by the thick clearly stratified 
membranes)(fig. 68 M, 69 C), to which most Cladophoraceae owe 
their rough crisp feeling and probably their usual restriction to well- 
aerated waters (26); the chief exception in this respect is constituted 
by Pithophoraas), whose real home is indeed in somewhat stagnant 
tropical waters (26). Un the thick walls an inner (/) and an outer (o) 
lamella, both usually clearly stratified (fig. 69 C, F), as well as a 
superficial pellicle (7) which can be separated by treatment with 


> With reference to structure and division of the nuclei ° f ‘ 
see (.7) (60) ( 6 4 ), ( 66 ) A rather divergent account is given by NemecUoa). 

* The species with multinucleate cells are often placed in a separate gen 
AcrosiphoZia, but there seems to be little warrant for th.s (cf. (67) p. 221). 
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acetic acid, are distinguishable (9.14); the inner lamella of the wall is 
individual to each cell. Both lamellae, when viewed from the surface, 
occasionally show a striation£> 3 .i 4 ) which generally runs obliquely 
and which, according to Correns (20), is due to folding of the individual 
strata. fVery little, if any, mucilage is secreted by the cells of Clado- 
phoracfcae, and this is probably one of the main reasons why they are 
often loaded with epiphytes^ 

(Where the threads are branched the branches nearly always arise 



£*gJh ° f , the Cl a l ophoraceae - A - Cladophora callicoma Ag. 

t-ns;ii J ^ n ° s C/ 77 h cA hlCUm ,' B ' lon 8^inal section, the othera 
D, E, I, the same vnmJT 't adop . hora Slomerata, structure of the membrane. 

Joint; /, surface ?Sliri"iI 0rmat,0n ‘ ?• starch-grams;«, inner lamella of wall; 
wall; pyrenSd , senm nucleus = °» 0 “‘er lamella of 

rest after P Carter.) ‘ ’ P * (C_F after Brand; I after Strasburger; the 
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from t he upper end of the parent-cell, just beneath a septum W 
68 C). At first they form a wide angle with the main axis, the sefTtum 
cutting off the branch being generally placed approximately per- 
pendicular to those in the main axis. Sooner or later, however, bv 
localised surface-growth of the membrane of the parent-cell beneath 
the branch, the latter becomes upwardly displaced (so-called evection, 
cf. fig. 68 D) and subsequently lies on the same level as the continua¬ 
tion of the main axis which often becomes pushed to one side (fig. 
68 E), so that an appearance of dichotomy results ((9) p. 499, (8) p. 155). 
Not uncommonly two opposite branches are produced from either 
side of a parent-cell, so that with the subsequent changes a tricho- 
tomous appearance may be produced (fig. 68 C). In many cases, too, 
the inner lamella of the branch fuses basally with that of the next cell 
of the main axis (fig. 68 F), the outer lamella and superficial pellicle 
being pushed upwards and running continuously over the point of 
fusion (9.51.57). 1 All these phenomena are readily seen in species of 
Cladophora , although there are marked differences with respect to 
the rapidity with which evection and fusion of the bases of the, 
branches takes place. In Pithophora the branches originate a little 
way beneath the septum, a condition also found in some of the 
aegagropilous Cladophoras (cf. p. 237). Mothes(48) has recorded a 
correlation between growth of the apical cell and development of 
laterals in the former genusy/ 

(in most genera of Cladophoraceae all the cells are capable of 
division, but in Spongomorpha, Cladophora , and Pithophora growth 
is partly carried out by the apical cells w’hich, when they have reached 
a certain length, undergo division into two, the lower cell in many 
cases undergoing no further appreciable elongation^((z) p. 184, (24), 
(48)). In Spongomorpha and some Cladophoras there is abundant 
division in the segments cut off from the apical cell, while the 
aegagropilous species of the latter are stated to grow only apically 
((10) p. 40). At the commencement of cell-division ((14), (69) p. 206) 
the protoplast withdraws from the wall along a transverse zone in the 
middle of the cell, the space (fig. 69 D, m ) thus arising being probably 
occupied by mucilaginous matte^ Within it is secreted an annular 
bar of thickening (fig. 69 D, s), the primordium of the septum, 
extending transversely round the cell; this is circular or oval in 
optical section and consists of a central core and an outer portion. 
In the further course of events the primordium grows centripetally 
inwards and, at the same time, extends into and fuses with the inner 
lamella of the longitudinal wall (fig. 69 E). The core of the original 
annular bar of thickening forms the middle lamella of the septum, 

1 According to Cholnoky ((18) p. 556) such fusions are only found in 
threads producing akinetes and are a result of the pronounced thickening o 
the wall that takes place during this process. 
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whilst the outer part becomes continuous with the inner lamellae of 
the adjacent longitudinal walls (fig. 69 I). The formation of septa is 
not related in any way to nuclear division. 

At an early stage the two lamellae of the septum separate from 
without inwards(14), whereby triangular spaces arise at the corners 
of the cells (fig. 69 C, F) which also gradually extend some little way 
upwards and downwards between the two lamellae of the longitudinal 
walls; these spaces are probably occupied by colourless pectic sub¬ 
stances. In the older parts of the plants, and especially in the neigh¬ 
bourhood of the branches, these spaces contain folded lamellae 
(fig. 69 C, F, A), which seem to constitute joints contributing to the 
flexibility of the otherwise rather rigid threads; these joints have been 
studied in detail by Brand ((9) p. 492, o 4 )). 

-'Except for the aegagropilous Cladophoras and C. fract<fii\c plants 

are primarily and often permanently attached to some substratum 

which is of course a necessary consequence of their frequent growth 

in moving watersV rivers, the littoral zones of lakes and the sea). In 

quiet waters, however, species of most genera can be found un- 

attached, and everyone will be familiar with the floating tangles of 

C ladophora and Rhizoclonium met with in ponds( The basal attaching 

cells of Chaetomorpha are elongate, often possesVa poorly developed 

chloroplast, and a^e usually broadened at the base which is commonly 

lobed (hg. 68 G).^)In Cladophora attachment is usually effected by 

a number of septate rhizoidal branches (fig. 68 K, r) arising from the 

ase ot the plant. These may sometimes spread out as stolons and 

give nse to new upright threads or their tips may divide into a number 

s ort cells (cf. fig. 68 K; 70 E, c) which Liter fall apart and serve 

new "? ean ^ of .propagation and perennationj).««..6.29. 3 o). Origin of 

rjj hrea /i fr ° m the attachin K c ells is al£> frequent in Chaeto- 

and o6l 3, 'L S V f>P f, m , entary rhizoids which are thick-walled, narrow, 

the r*ll n r tlCe ,U l ar ’ comm °nly originate from the lower ends of 

hr _ n . S ab ° ve * he basal one or even from the basal cells of the 

the n |“ 3nd ’ af ! Cr re ^ chin g the substratum, aid in attachment as 

own P =r W ,a k rge ^ fi g- 68 K » n These rhizoids may grow 

Ugh l he Strata of the thick wa,ls or lie apposed to the 

are specially 2 ™ f f' V C3SeS may CVen Stand off A uite freely. They 
( (a7) P ®8 1 y develo ped in some of the marine Cladophoras , in Urospora 

(fig 68 2 , 7 7 L and T S P on g°morpha. In Chaetomorpha aerea 

and ultimately ^ ^ ^ ™ y pr ° trude ‘^the latter 

similar outgrowth ^ Sub . stratum ; and th,s ma Y be followed by a 
p v ® successiv e overlying cells (57). 

in most^ea^ ofpLo^b 1 ” 8 ° r ?£ S (fig ' 7 ? C ’ h) are t0 be found 
branches become nr«d ^°™ <75> * The t,ps of some of the ultimate 

times rhi^-^~ 4 ^S wST Wi branched and S ° me ' 

utgrowths which possess green contents and are 
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not cut off by a septum. These structures coil round foreign objects 
and thus aid in attachment. 


THE AEGAGROPILOUS CLADOPHORACEAE 

Somewhat similar structures are known to occur in the marine 
Spongomorphas and in those species of Cladophora commonly grouped 
in the genus Aegagropila, although it may be doubted whether they 
merit generic separation. In both cases the mature thalli are com¬ 
posed of more or less numerous individuals, as a rule probably 
originating from a single one by dying away of the older parts and 
setting free of the branches. The different individuals are held to¬ 
gether by interlacing of the branches, some of which are developed 
as specially slender structures (the neutral branches of Brand («o>) 
which insinuate themselves between the others and are sometimes 






\¥Vl* 




Clufophora (Aegagropila) Sauteri (Nees) Kiitz. (after Lorenz). 
A, one of the balls about half natural size; B, part of a young attached growth. 

coiled round other branches at their tips (fig. 7 o D, «, F). In the case 

hu^r^^r^ diverse plants are connected to form dense 
bundles (hg. 70 B), but they do not constitute the thick growths 

found m the aegagropilous Cladophoras .» Here the individuals Ire 

associated m dense masses, appearing either as compact cushions 

whirh^ t0 , S0me substrat um or sometimes as loos e P hollow balls 
which may become as big as a human head (fig. 7 o bis. A) Such 

' SCe (,) > (S) * <IO) - (,2 >. O0), (44), (45), (70). 

rsr rev " s ;' 1 

Collins; B, habit; F, branch-system with A Jr coalita (Rupr.) 

ajjinis Xordst., haptera (//) D Cladobhnr. a' 0 ? a . tcr i l J s C, Pithophora 
a bipolar plant, aff intercalar^ dt^ot"^en part 

venial,s (Kjellm.). rhizoids developing groups of sto™? 8 ' i| E ’/ Sp°ngomorpha 
//, neutral filaments; r, rhizoids (B F c torage-eells (r) at their tips. 

Mocbius; E after Kjellman^tlwVesK after Brand!)'*^ & G ° rd "" : C 
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growths are mainly found on the bottom of shallow lakes(6,49), 
although similar marine types are also known(39.76). 

The plants in these cushions or balls are richly branched, in the 
main stand perpendicular to the surface (fig. 70 bis, B), and there is 
a progressive acropetal dying away of the innermost parts, whereby 
the branches become separate, although remaining bound together 
by the above-mentioned neutral filaments In the attached growths 
the latter serve for fixation, but they can also grow out at their tips 
into normal shoots. According to Brand do) the growth of the aega- 
gropilous forms is altogether apical and very slow. The branches are 
commonly opposite and are not infrequently sharply bent. Moreover, 
complete inversion of polarity 1 is a common phenomenon, the 
branches in the lower part of the plant often growing in a direction 
opposite to that in the upper (fig. 70 A). 

It seems clear that the attached cushions and the free balls are but 
different states of development, and the same species are also found 
growing in quiet water as swards of more or less independent plants 
(44.70). The balls are only formed where the bottom is relatively firm 
and there is a gentle movement of the water leading to a constant 
rolling to and fro of detached masses of the alga. In the larger balls 
the structure is densest towards the surface, while the interior is 
much looser or even hollow, owing to the dying of the older parts 
and the tangential stretching due to the continual surface enlarge¬ 
ment. The outer part commonly shows concentric darker and lighter 
zones, the latter composed of elongate cells with thin walls, the 
former of shorter cells with thick walls. It seems that the lighter 
zones are formed in summer, the others constituting the winter 
condition, so that two such zones may represent a year’s growth 
(,o.4s.7o). The aegagropilous growths have not inappropriately been 
compared to hedges, since projecting tips sooner or later die, but 
there is still difference of opinion whether the effect is a purely 
mechanical one or whether, as Brand do) believed, projecting branches 
are destroyed by the stronger light to which they are exposed. 

An aegagropilous growth has also been recorded in a species or 
Chaetomorpha (42), while Schiller (58) describes loose-lying communities 
composed of Cladophora trichotoma and species of Chaetomorpha 

from the Adriatic. 

1 Such inversion of polarity can also occur in Cladophora glomerate 4 .«>- 
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REPRODUCTION 

Many, if not all, Cladophoraceae are perennial, but the mode of 
existence during periods unfavourable for growth varies in different 
forms .J (In Spongomorpha and' in some species of Cladophora (cf. 
p. 235) the rhizoids, after reaching the substratum, commonly divide 
to form a cellular expanse (fig. 70 E) or in the latter genus a number 
of short branched filaments; their cells become filled with food- 
reserves and are sometimes encrusted with carbonate of lime. These 
structures persist after the remaining parts of the thalli have dis¬ 
appeared and give rise to new threads in the next seasofh In many 
of the freshwater forms a smaller or larger proportion oFthe cells of 
the ordinary threads become laden with food-reserves and undergo 
further thickening of their walls, commonly becoming more or less 
swollen and often assuming a pear-shaped form; in Cladophora it is 
mainly the larger branches that develop such dormant stages which 
are indeed often almost branchless(8.30). This is a state of wholesale 
akinete-formation without dissociation of the threads. According to 
Cholnokyos) the formation of such akinetes in Cladophora glomerata 
is preceded by repeated cell-division; when germination occurs, 
transverse division always takes place before branches are formed. 

l^In Pithophora (fig. 71 A, A') special akinetes are produced by the 
contraction of the greater part of the protoplasm of a cell towards 
one end (usually the upper) which becomes cut off by a septum and 
subsequently develops a thick wall (^7.75) (in some cases these akinetes 
are formed in short series of two or threeN Ernst u 4 ) established that 
akinete-formation takes place when thereA a deficiency of nutritive 
salts. According to MothesuH) the remaining half of the mother-cell 
may, under cultural conditions, again become filled with protoplasm 
and may even occasionally form a second akinete, but it is not known 
whether this occurs in nature.(Production of akinetes is the only 
method of reproduction known ,n Pithophora , apart from the vege- 
tativ e propagation by detached branches which is probably of common 
occurrence m most Cladophoraceae^ In the aegagropilous Clado- 
/>WojC o) there appears to be only vegetative propagation. 1 

(In all the other genera asexual reproduction is effected by zoospores 
These arise by simultaneous division of the cell-contents into numerous 

of'the P p"otoDL 7 ' B Wl T h ‘ S pre , ceded b y a s radual encroachment 
ot the protoplasm on the central vacuole and abundant nuclear 

normaUv ( to be ' fi ^ Clad ? ph ? ra such farmer-formation appears 
normally to be confined to the finer branches and often takes Diace 

m definite basipetal succession, but in the other genera any celUnay 

pparently form zoospores except for the basal attaching^elftThl 

( Aegagropila)^>autiri^ but 1 this > requ*ires conhmlalfon" 3 ^^ “ Clado P hora 




Fig. 71. Reproduction of the Cladophoraceae. A, A', Pithophora kewensts 
Wittr., akinete-formation. B, Cladophora glomerata (L.) Kiitz., delimitation 
of zoospores. C, D, Urospora penicilliformis (Roth) Aresch., zoospores in 
front- (C) and side-views (D). E-G, U. mirabilis Aresch.; E, male, and F, 
female gametes; G, thread with male gametangia, one dehiscing. H, Chaeto - 
tnorpha aerea Kiitz., thread producing zoospores. I, K-P, R, Cladophora 
Suhriana Kiitz. I, K—M, somatic mitosis in the sporophyte; I, resting 
nucleus; K, early prophase; L, division of heterochromosome; M, metaphase, 
longitudinal division of chromosomes. N, heterotypic mitosis, telophase. 
O, P, mitosis in the gametophyte, with seven and six chromosomes re¬ 
spectively; R, sporangial cell, nuclei in synapsis. J, Cladophora sp., gamete. 
a , aperture of gametangium; b, beak of swarmer; c, centrosome; /1, hetero- 
chromosome; n 9 nucleus; nu 9 nucleolus; /), pyrenoid; s 9 stigma. (A, A alter 
Wittrock; B after Czempyrek; C, D after Areschoug; E-G after Frintz; 
H after Thuret ; J after Strasburger; the rest after Schussmg.) 
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details have been described by CzempyrekUj) and Schussnig(6 4 ) for 
Cladophora} According to thei/the swarmers are not formed by 
cleavage, but by a gradual aggregation of the cytoplasm around the 
nuclei. In some species of Urosporaiss) the zoospores exhibit a radial 
arrangement with the anterior extremities outwards^There is no 
disappearance ot pyrenoids during s warmer-formation.) 

In most cases the zoospores are pear-shaped and quUdriflagellate, 
but in certain species of Cladophora {C . glome rata Us. t>D\ C. Suhriana 
((64) p. 479)) and Rhizoclonium they are known to be bitlagellate; 
according to Willed) the two Hagella are unequal in some species of 
Rhizoclonium. The zoospores of Urosporaui. 3.) are obovate and pro¬ 
duced into a long point at their posterior end\fig. 71 C, D), while 
from the front they appear quadrangular, atthough the outline is 
variable owing to slight changes of shape.Cln all cases the swarmers 
are n!ir raled lhrou £h a ,a teral aperture in the walfjfig. 71 G, H). 

BiHageHate gametes are known in ChaetomorpkU, Urospora, and 
Cladophora (fig. 71 J) and are formed and liberated in the same way 
as the zoospores I hey are usually isogamous, but Urospora (ss) 
produces small almost colourless male gametes and larger female 

hav^n 8 | VUH 3 ch or ° p,ast containing a prominent pyrenoid; both 
Ihel I m ° P ° Ste ' lor st, 8 ma (fig- 7 r E. F). The threads producing 
dtann^r 8 a amete f *?}* "T" 6 a pa,e appear 3nce owing to the gradual 
fs ?enoTJ C K ° f ‘ hlor ° plasts a nd pyrenoid^ A similar hetefogamy 
c , P ,. b £ Hamel (31) m Rhizoclonium lubricum Setchell and 
Gardner which they regard as the type of a new genus (/,„K 

zygotes of Cladophora germinate directly, those of Chaetonwrpha 
lorded eW H day , S (<33 ’ P ‘ 486) ’ While those of Urospora according to 

loosloZ 5n e h P r CW/b/ r-' ike «"■“ which multiply 8 by 
Therf; ln , th l 0 \ hc \ cases germination is direct 

<*5.6,,6„ and Chactomorpha (,3) There are so n i V Cl “‘ { “t>'‘ora 

m a number of species of Cladnhh ccn Cs > la bfisfied by Schussmg (6, > 
the nuclear divS^l^^?^ - reduCtion ° ccu rs during 
fig. 71 R). In the case of (' v / ' 1 forma t»on of zoospores (cf. 

; 

usually markedly elongate in formTmi of 

1 h ' aC “ U "' °*-««« -*» in certain particuL 
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the resulting daughter-nuclei (cf. fig. 71 N), so that equal numbers 
of zoospores with and without the accessory chromosome are pro¬ 
duced. This chromosome has also been recognised in the ordinary 
vegetative divisions of the diploid individuals (cf. fig. 71 K—M, h), 
and it is suggested that its presence in only some of the haploid plants 
resulting from the germination of the zoospores (cf. fig. 71 O with 
71 P) may be related to the dioecism of the latter. Neither in 
C. glomerata (43), nor in C. flavescensf.34), however, has such an 
accessory chromosome been observed (cf. also (64) p. 521). In 
Urospora (7») the diploid phase is presumably constituted by the 
Codiolum- stage. 

The recent investigation of Cladophora glomerata by List ((43); 
cf. also (60)) has, however, displayed an altogether different type of 
life-history. In this species zoospore-formation takes place at in¬ 
tervals all through the year, while gametes are only formed in spring 
at the end of a longer period of zoospore-formation. The zoospores 
and gametes are produced on distinct individuals, but there is no 
reduction of chromosome-number in the production of the former, 
while it is during the formation of gametes that reduction occurs. 
Certain peculiarities in the formation of chromosomes and in their 
mode of separation were, however, noted in the first nuclear divisions 
leading to the formation of zoospores. C.glomerata is therefore purely 
diploid, except for the gametes, and in this respect resembles the 
Siphonales. The diploid plants, however, evidently propagate by a 
long succession of diploid zoospores and the cause of the formation 
of the purely sexual plants found in spring is not clear. Higgins(35), 
in the case of C.flavescens , records very occasional fusions between 
the swarmers liberated from the sporangia in which she had demon¬ 
strated a reduction division and suggests that this may be due to the 
haploid zoospores possessing some sexual potentialities. In view 
the state of affairs existing in C. glomerata, however, it is pos 
that C. flavescens may prove to be another diploid species. 

(Parthenogenesis has been recorded in Chaetomorpha ((33) p. 4 « 9 ) 
an d'Cladophora ((25) p. 500U 

THE AFFINITIES OF THE CLADOPHORACEAE 

The Cladophoraceae show resemblances to the Utonchales in .he 
formation of the reproductive elements m °f ’^ or 

in the majority of the Siphonales there are special S eQUC nt in Clado- 

gametangia. Quadriflagella.eswarmem wJucKar hequ> 

phoraceae, are unknown in the S phonales i the state of 

SSB^SStessss 
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occurrence of cells with a single nucleus constitute further points of 
resemblance, the elaboration of the former and the frequent large 
numbers of the latter appearing as special differentiations resulting 
from the large size of the cells. By contrast to the Valoniaceae 1 
(p. 413), moreover, with which the Cladophoraceae are usually 
associated, the filamentous habit is assumed immediately on germina¬ 
tion, whereas in the former family the early stages are vesicular and 
more or less like a Valonia, the filamentous habit arising later and 
in a manner quite different from that found in the Cladophoraceae 
(segregative division, p. 415). 

For these diverse reasons it is probable that there is no close 
relation between Cladophoraceae and the true Siphonales and that 
the former are an offshoot from the evolutionary series represented 
by the Ulotrichales. It is significant in this connection that there is 
an advance to homologous alternation. A coenocytic tendency is not 
uncommon among Chlorococcales and it would not be surprising if 
such a tendency likewise existed in some of the filamentous forms 
arising from the unicellular ancestry. Schussnig ((64) p. 512) draws 
attention to certain features in which the swarmers of Cladophora 
resemble those of Siphonales and differ from those of Ulotrichales, 
but it is scarcely at present possible to evaluate the nature of these 
differences. 


THE GENUS WITTROCKIELLA 

This genus, with a single species ( W . paradoxa Willed)), is the only 
representative of the family Wittrockiellaceae whose affinities are 
difficult to determine. The alga in question grows on the earth amid 
various Myxophyceae in the neighbourhood of brackish marshes and 

of y ^ P ° r * ed / rom ?° 7 a y an d North America. 2 It consists 

of short little branched upright threads (fig. 72 A), which form a thin 

brownish stratum on the earth. The threads are covered with a tough 

™ UC I™™ ° UtCr ,aycrs of the thick cell-walls, the 

upper cells being spherical or oval, while the lower ones are narrower 

multiceHular rhizoids «""*■» “-lop into 

The cell-structure is altogether Cladophoraceous. the cells containing 

(fig' 7* D) C Th r ° P Wi ‘\rT e r S Pyrenoids ^weral nuclei 
Ik 7 \u Fh ® U , pper Cells harbour numerous yellow oil-drons 
haematochrome.^ that give them an orange-coloured appeamnT 

whde similar drops found in the lower cells are green-coloured The 
der cell-walls are very thick and prominently stratified. The upper 
most cell of each thread bears a colourless hair which is cut of/by a 

1 Including the Siphonocladiaceafc of others 
- According to Printz ((54) p. 227). 
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septum and may attain appreciable length; these hairs are outgrowths 
of the inner layers of the wall and the ruptured outer layers form a kind 
of sheath round the base (fig. 72 C, s). 

Akinetes are formed from the uppermost cells of the threads (fig. 72 F), 
while sporangia producing a considerable number of aplanospores 



Fig. 72. Wittrockiella paradoxa Wille (after Wille). A and B, two plants, 
that in B with a downwardly growing branch terminating in a rhizoid (r), 
C, apex of a plant bearing a hair; D, single cell; E. sporangium with aplano¬ 
spores; F, akinete. n, nucleus; p, pyrenoid; s. sheath of hair. 


(fig. 72 E) arise from the cells below those bearing the hairs. No other 

methods of reproduction are known. r ,, o . n 

This genus combines characteristics of Cladophoraceae, Chae 
phoraceae, and Trentepohliaceae. It resembles the last in the formation 
of special sporangia and in the probable presence of haematochrome 
in the cells, while the termination of the branches in hairs recal 
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Chaetophoraceae, although the hairs are of a rather different type. The 
most marked affinities, however, appear to be with the Cladophoraceae. 
The apparent absence of a prostrate system is not in favour of a close 
relationship with the Chaetophorales, while the presence of haemato- 
chrome is perhaps but a result of the terrestrial habitat. Wittrockiella 
affords further support for the view that the multinucleate character 
of the Cladophoraceous cell cannot be taken as implying any affinity 
with Siphonales. 



threads • C ° nch ° phila Mille / Miller). A, one of the upright 

threads, B, single cell ; C, section of a crust; D f the prostrate svstem • F 

Z:' F C ' ^'ads "i* apical spWa 5 , m pa* 


THE GENUS ARNOLDIELLA 

folS £l eT A St l ng member of the Cladophorales was found by Miller (46) 
forming dark green crusts on the surface of the shells of Anodonta 
and Unto in a lake in Central Russia. It is of special note because the 
filaments are heterotrichous (ef. p. 20), consisting of a basal one! 
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layered creeping stratum formed by coalescence of prostrate threads 
("g- 73 D ) from which densely apposed and little branched, short, 
upright threads arise (fig. 73 A, C). The basal stratum is apparently 
rarely composed of a single plant, but usually results from the 
coalescence of a number. The cells show typical Cladophoraceous 
structure (fig. 73 B). 

Reproduction is effected by quadriflagellate zoospores which are 
formed in large numbers in terminal sporangia (fig. 73 F, s) and are 
liberated through an apical pore (fig. 73 E). Formation of akinetes 
rich in starch was also observed. 

In its heterotrichous habit this form is so different from other 
( ladophorales that it should no doubt be referred to a distinct family, 
Arnoldiellaceae. There is, however, some affinity with Cladophora- 
ceae as evidenced by the cell-structure and the swarmers. 

Hoffmann and I ilden(36) have described a genus, Basicladia , not 
uncommon on the carapace of turtles on the American continent, which 
likewise appears to possess a heterotrichous habit, the little branched 
erect filaments being described as arising from creeping rhizome-like 
threads fastened by holdfasts having free or coalesced branches. 
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Order V. CHAETOPHORALES 

There is a fundamental difference between the organisation of the 
Chaetophorales and that of the Ulotrichales, evident enough in the 
more typical representatives of the families Chaetophoraceae, Trente- 
pohliaceae, and Coleochaetaceae, hut obscured or almost unrecog¬ 
nisable in the numerous specialised forms that belong to this order, 
ijhis outstanding characteristic lies in the differentiation of the 
vegetative bodv (cf. fig. 74 A) into a prostrate system of branching 
threads (6) attached to some substratum and a projecting system (e) 
likewise composed of branching filament^ ((8) p. 139, (43)), in short the 
type of plant-body known as the heferotrichous^ filament (46) and 
widely distributed also in other classes of Algae. <The two parts of 
the thallus are easily distinguished in many species of Stigeoclomum . 
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(fig. 74 A), Gongrosira, Trentepohlia (fig. 84 A), and Coleoclmetey 
whilst a reduction of the projecting system has given rise to numerous 
prostrate and discoid types.^In the Ulotrichales, on the other hand, 
no such differentiation exists and prostrate types are unknown, and 
this is equally true ot the Cladophorales, except for the genera 
Arnoldiella and Dasidadia, whose affinities are unclear. In the 
possession ot the heterotrichous habit the Chaetophorales are to be 
regarded as the most highly differentiated forms among Green Algae} 

In other respects, too, the Chaetophorales betray a high develop¬ 
ment, as tor instance in the advanced differentiation of the threads 
in Draparnaldia (fig. 75 D) and Drapurnaldiupsis (frontispiece), in the 
specialised oogamy accompanied by a kind of “fruit” formation in 
Coleocluiete, in the high degree of adaptation of the Trentcpohlias to 
a terrestrial existence, etc. In no other order of the Chlorophvceae 
do we find such a diversity of growth-forms. It is not improbable 
that the Chaetophorales represent the surviving descendants of forms 
from which the higher plants arose in the remote past u 3 . 4 o>. 

The principal characteristic of the Chaetophorales is not implied 
in the name which refers to the formation of “hairs”. Under this 
designation, however, are comprised at least two perfectly distinct 
kinds ot structures. In the Chaetophnraceae the hairs are single 
elongated cells or rows of narrow elongated cells with scanty colour- 
ess contents (tigs. 74 II and 75 B, //), whereas in the Coleochaetaceae 
and C haetosphaeridiaccac they are outgrowths of the wall (bristles 
or setae, fig. 87 K, I n the European Trcntepohliaceae and 

in certain representatives of the other families hairs are, moreover 
altogether lacking. I urther, similar structures are commonly found 
in heterotnchous types among Phaeophyceae and Rhodophvceae. It 
K .11 bG ( ' U 'i e apparent, therefore, that the production of hairs cannot 
be regarded as a distinctive feature of the order and one mav well be 
going astray in including certain simple seta-bearing forms (Chaeto- 

h P ov ae v r ^ a r aC ’ ,, ki 2 ' Sr)) m thc same K rou P with the others. It is, 

f UK ? h °' V f “ r the P roccss »f reduction has 
gone within the C hactophorales. 


(o) THE FAMILY CHAETOPHORACEAE 

The Chaetophoreae 

IHntArhlr ° f . thc . lcS 1 Spccia,ised members of this family with the 

in the rJnroT “■ 1pla , ml >’ rCC ° Rnisab,C ’ *>th in the cell-structure and 

v ‘ O ?fo VC | fCatU r* P ‘ 55) ’ a " d 3 CO,,,,non ori 8i" I° r the 
wo sets of forms along divergent lines is not improbable^Thc fila- 
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mentous Chaetophorales are, however, practically always branched .y 
(The central type is constituted by Stigeoclonium ( Myxonema ), 2 m 
many "species” of which both prostrate and projecting systems are 
well developed (cf. fig. 74 A). Each cell, except those forming the 
hairs, contains a single parietal girdle-shaped chloroplast with one or 
more pvrgrioids (fig. 74 E, I), often occupying only part of the length 
of^he cell.v 

(The projecting threads are usually well branched, the diverse 
branches terminating in a point or in long hyaline hairs (fig. 74 B)!\ 
The branches arise from the top of the parent-cell and evectiorf 
(p. 234) is frequent. Klebs< 79 > found that the extent of branching 
depended on the intensity of illumination, whilstQ/ischer (<i 52a > p. 45") 
has established that an abundant supply of nutritive salts is most 
essential, light determining the orientation of the branch') Hairs are 
produced much more plentifully in standing than in flowing water 
(cf. also (i 52a > p. 48). The consequent variability in the appearance 
of the projecting threads in this and other genera of Chaetophoraceae 
renders specific distinction a matter of great difficulty, and a deter¬ 
mination of the range of variation of the diverse forms in nature is 
urgently required. The projecting threads of adult plants are fre¬ 
quently detached from the base and found floating freely in ponds 
and ditches. J K 

Since the prostrate system accommodates itself to all the irregu¬ 
larities of the substratum, it is not easily detached or studied and is 
therefore in the majority of cases very incompletely known, hy 

, W, ;. h , ,hc P r °J ec i in g t f hreads ^ which there' is usuallySio 
1 calised cell-division, those forming the prostrate system (fig. 74 

cellSThl diff aP 'r gr ° W r th , 3re RenCraII - V of shorter 

hr!n -1!i c | 1 dcrcn11 a11 on of the prostrate system ranges from a loosely 
ranched thread composed often of relatively few cells (fig 7. G) 

to a richly branched expanse (fig. 74 Q or a compact dis/buift up of 
re: 

branchm8 of ■ 

Its occurrence is not altogether convincing * h gh the evidence of 


Fjg- 74- A, Stigeoclonium tenue Rabenh hahir 00.. 

of an erect thread. C, D S farcin,,, nl r ,u *' ^ f >rotensu,n K-utz., part 

stage. E, 5. am oe„um Kilt part ot’ P ,'T" I SyS,cm: D - » 8 

tuberosa Iyeng.; H branch of nrmort* CCt t *lT ead - H, Frttschiella 
(Dillw.) Kutz , part of n prostrate°s^V n ^ G - Stigeoclonium lubricum 

formation. (,/ prostram sv s T,m ' r "rhl ' , rhizoid- 

secondary projecting system h hlo !' op,d ^ t ; e < projecting system; 

Thoret; E. I altej 
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Fig. 75 [for description see opposite ] 
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numerous branches coalescent to form a one-layered stratum (e.g. 
S./arctum Berthold(6.4o>) (fig. 74 D), in which the free ends of the 
branches may or may not project peripherally. In general it seems 
that the development of the projecting system is in inverse ratio to 
that ot the prostrate one, but how far this ratio may be subject to 
variation in one and the same species in different habitats is not 
known .^In forms with an elaborate prostrate disc the upright system 
may be reduced to a few short branches or in places be only repre¬ 
sented by hairs ((44) p. 531). 1 Where the base is poorlv developed the 
lower cells of the erect thn;ads often put out rhizoids (fig. 74 I, r) 
which aid in attachment^ fcihma (30) ( Acroblaste Reinsch (1*7)), a 
marine genus in which the cliloroplasts lack pyrenoids (fig. 76 K), 
shows the same differentiation as Stigcuclonium , the threads of the 
upright system being sparsely branched^ 

T \\o interesting terrestrial allies ot Stigeoclomum are known. 
Iwanoffiai 71.109) has quite the habit of this genus, the prostrate system 
creeping on the soil and being anchored by rhizoids. Fritschiella(n) 
has a higher differentiation (fig. 74 F), the prostrate system, more or 
less buried in damp mud, consisting of rounded clusters of cells (b) 
which appear to constitute the means of perennation, while the 
projecting system is differentiated into two regions (e, <?'). 

1 here is usually little difference between the width of the successive 
branches in the projecting threads of a Stigeoclonium , but in some 
(e.g. 6. amoenum Kiitz., fig. 74 E) the main axes contrast with the 
finer branches in the possession of thick-walled elongated cells with 
a meagre chloroplast, those bearing branches being shorter than the 
others (to). This is a step in the direction of Dra/wrnaMitub.i k», in 
which the prostrate system is usually practically absent, while the 
projecting part is strikingly differentiated into long and short branches 
r , ° n S axcs consist of large, often slightly barrel-shaped 
d chloroplast, having deeply incised edges and several 

ce^i rfi^- ^/'r 1 ! 0 ^ 0 T mnR mCrcly 30 et l ua t°rial girdle in the 
u “ wLl I ?’ / hC short i l ? te rals arise in dense, frequently more or 
less whorled tufts, are richly branched and composed of short cells 

" 3 = 2 SSSSSSSST-aasa: 

n K ( 7 r .)*’ Ch Z'" r, J , ' ,r “ (Muds.) Ilazen, habit (after West! 
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occupied by a large generally entire chloroplast similar to that of 
Stigeoclonium ; the apices of these branches frequently taper into long 
hyaline hairs and cell-division is apparently often confined to a few- 
underlying cells (6). Attachment is effected by the reduced basal 
system, supplemented by multicellular rhizoids originating from the 
cells above (fig. 75 E). The development of reproductive cells, and 
no doubt also the chief assimilatory activity, are restricted to the short 
branches, the long ones fulfilling in the main only a supporting 
function. The contrast between the two types of branches is, however, 
not always pronounced, in fact one occasionally finds specimens in 
which the main axes are scarcely distinguishable. According to 
Uspenskaja ((151); cf. also (145 a)) these Stigeoclonium - 1 i ke forms occur 
in habitats rich in nitrogenous matter and can be reared artificially 
in culture-solutions containing an excess of nitrates. 

A further advance is seen in Draparnaldiopsis (7.«41 ), in which the 
long axes are composed of long and short cells, the latter alone bearing 
the laterals of limited and unlimited growth, commonly in whorls of 
four (fig. 75 H; cf. also frontispiece). In D. indica there is a great 
tendency for the transformation of branches of these short laterals 
into rhizoid-like structures and, especially at the points where laterals 
of unlimited growth arise, the production of such rhizoids may be 
very prolific; here they coil around the main axis and may branch so 
profusely as to form a dense cortical investment around the latter 
(fig. 75 G). The formation of a somewhat similar rhizoidal investment 
is recorded by Berthold (<6>; cf. also (ss>) in Draparnaldia glomerata 
and striking instances are described by Meyer(94' in D. baicalensis 
and D. villosa , where the whole of the lower part of the long axes is 
enshrouded to a thickness considerably exceeding that of the axis 
itself. In no other Green Algae is there so high a degree of differentia¬ 
tion as in these species of Draparnaldia and Draparnaldiopsis. 

In Stigeoclonium and Draparnaldia the threads are commonly 
embedded in thin mucilage, but in Chaetophora ( 6 ,oo) they are held 
together within a compact mucilage-envelope to form large and 
conspicuous structures which are either more or less globose or 
foliaceous and branched (fig. 7 5 A); in some cases they are encrusted 
with lime (149). The prostrate system is feebly developed and otten 
consists onlv of loosely connected rounded cells (hg. 75 rrom 

these the filaments of the projecting system ( e ) radiate out, at hrs 
branching but little, but later bearing dense clusters of bright green 
branches, the ends as usual often prolonged into h " re L? e "“ th 

an intercalary meristem may be located (hg. 75 )• e , .. 

of the aggregate often have a poorly developed chloroplast white 

rhizoids not uncommonly arise from some of the cells of older plants. 



THE CHAETOPHOREAE (REPRODUCTION) 
Reproduction of the Chaetophoreae 



The genera discussed in the preceding pages form a connected group 
which may be classed as Chaetophoreae. Their reproduction 1 has 
been most fully studied in Stigeocloniurn, Draparnaldia , and Chaeto- 
phora , in all of which both asexual and sexual propagation accom¬ 
plished by means of motile swarmers has been recorded. It would 
seem that in the majority of the Chaetophoreae only two types of 
swarmers are produced, viz. («) large invariably asexual macro¬ 
zoospores (Hg. 76 C), quadriflagellate in all but hvanoffia (Hg. 76 L) 
and Pilinia , and ( b) smaller microzoospores which are quadriflagellate 
in Stigeocloniurn (tig. 76 II) and Draparnaldia (tig. 76 E, F), but 
biflagellate in other cases. The smaller swarmers seem for the most 
part to be of the nature of gametes, and a fusion between them has 
been observed in species of most genera (of. tig. 76 1), but they are 
also known to be capable of forming thick-walled resting stages 2 
without fusion or in rare cases of growing out direct into a new plant. 
It is noticeable that Klebs (179) p. 410) never observed fusion between 
the microzoospores of the form of Stigeocloniurn that he studied. 
These tacts may either imply a tendency towards parthenogenesis or 
may indicate the existence of a special type of microzoospore, not 
readily distinguishable from the gamete. 


The two kinds of swarmers not only differ in size, but the micro¬ 
zoospores are of more slender build and have a projecting stigma 
(fig. 76 H) by contrast to the flat stigma of the macrozoospores. The 
former, moreover, exhibit a longer period of movement and a greater 
sensitiveness to light (79.112), in all these respects resembling the 
microzoospores of Ulothrix (p. 203). According to UspenskajaOsO the 
formation of the two types of swarmers in Draparnaldia glomerata is 
determined by the hydrogen-ion concentration of the medium, 
nucrozoospore-formation being induced by marked alkalinity. 

In two of the four species of Stigeocloniurn studied by PascherOu) 
(•>. longipilum, S. fasciculare) a third type of swarmer (invariably 
biflagellate) was observed, recalling in its morphological features the 
gametes of Ulothrix, so that in these species, which are vegetatively 
little specialised, we have the same three types of swarmers as in the 
latter genus ; the biflagellate swarmers are not, however, formed in any 
numbers and sexual fusion is apparently exceedingly rare. Pascher is 
ot the opinion that the sexual role fulfilled in Ulothrix by the biflagellate 
swarmer has been taken over in Stigeocloniurn and Draparnaldia (10S) 
f * he ?“ adl J flagellate microzoospore with the complete elimination 
or tne biflagellate type, except in the two species of the former genus 
a ove mentioned. On the other hand in Chaetophoratuz) and Endo- 


* S ee < 48 >- (74) * (79) * (,02) - (*° 9 -iu), (148). 

a nr M .; hypnospores may be formed direct within the mother-cell without 
a previous period of swarming (fig. 76 D). 
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Fig. 76. Reproduction of the Chactophoreae. A, B, H, M, Stigcoclomum 
tenue Kiitz.; C-G, I, J, Draparnaldia glume rata ; K, Pilinia man limn (Kjell.) 
Rosenv.; L, hvanojjia lerrestris (Iwanoff) Paschcr; N, Sligeoclonium \ fare turn 
var. simplex l'ritsch. A, formation of zoospores; B, escape of same; C, macro- 
zoospore; D, formation of hypnospores (a); E, E, H, microzoospores; G, J, 
zygotes; I, fusion of microzoospores; K, branch ot Pilinia with sporangia 
(s/>), in part dehisced; L, swarmcr of hvanoffia ; M, germling from » nypn°- 
sporc; N, stages in development of prostrate system; s, eye-spot. (K atter 
Rosen vingc; I. after Iwanoff; N after Fritsch; the rest after Klebs.) 



THE CHAETOPHOREAE (REPRODUCTION) 257 

cloniumijS) no quadriflagcllate microzoospores are known, and in the 
former it is the biflagellatc swarmer that functions as a gamete. In 
Endocloninm these swarmers, which penetrate through the stomata into 
the interior of the host (Lenina), can form hypnospores without fusion, 
these resting stages subsequently producing birtagellate zoospores 
which give rise to the ordinary threads. As opposed to this prevalently 
tetrakontan series of forms, we have the dikontan series represented by 
Pilinia and Itcanoffia (fig. 76 l,), in which sexual fusion has not yet been 
observed, although the latter genus produces both macro- and micro¬ 
zoospores, either type with two flagella (cf. the dikontan Horniidium 
among Ulotrichaceae). 

Pascher specially draws attention to the marked similarity of the 
diverse types of swarmers, not only in morphological features, but also 
in respect of size and the type of variability, with those of Ulothrix. 
There can be no doubt that this affords strong presumptive evidence 
for a common origin of Ulotrichaceae and Chaetophoraceae. 


The formation of swarmers generally occurs in the main in the 

is well developed and takes place simul¬ 
taneously in a large number of cells (fig. 76 A) ; in Draparnaldia whole 
lateral branches are not uncommonly used up in the process. Usually 
each cell produces only one to four swarmers and they are mostly 
liberated through a lateral aperture in the wall (fig. 76’ B). Special 
sporangia are known only in Pilinia 028), where they occur as swollen 
terminal or lateral cells (fig. 76 K, sp). Aplanospores (or hypnospores 
in the case of the microzoospores, fig. 76 D) are frequently observed 
(ss.msj Palmelloid stages are also known, especially in species of 
Stigeocloniuni (29), 1 whilst akinetes are frequent. There is thus the 
same diversity of reproductive methods as in the Ulotrichaceae In 
germination the macrozoospores probably normally first form the 

(hg /7 6 N) / r ° m which the “Pnght branches later arise, 
but in i Draparnaldia and some species of Stigeoclonium it appears that 
upright threads are formed direct(6.40.74.108.124a). 

Prior to fusion fhe gametes frequently shed their flagella and 

(7.1 (fie 76n b The"r\’' “ n f K h ‘ S “ PPearS “ be the rule ' n Draparnaldia 
(70) (hg - 7 ° I)- The fate of the zygotes is not known in most cases but 

tha ' commonly at least ,hcy *-„>■ :: 


m 'Jssstsss : s h z'c 'tzjSrZsr r u r s a pi, ' n ' eii ° id f °™ 
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Prostrate Types (Prostratae) 


The numerous remaining genera of Chaetophoraceae are modified 
in various ways, the hulk of them being epiphytes on freshwater or 
marine aquatics (cf. especially (67)). The tendency for reduction of 
the projecting system evident in some species of Stigeocloniutn reaches 
its height in those Chaetophoraceous epiphytes, which, apart from 
the prostrate system, possess either only a few projecting branches 
(Chaetonema , fig. 80 A) or nothing but hairs (e.g. Aphanochaete , 
fig. 77 A; Bolbocoleon, fig. 77 J; Chaetopeltis, fig. 79 A; Gonatoblaste, 
fig. 77 G) or have the projecting system completely suppressed 
(Endoderma , fig. 77 D, E; Pringsheimia , fig. 78 A; Protoderma, 
fig. 78 I; L'lvella, fig. 78 G). It is impossible to describe all the forms 
involved in detail and a few typical examples must suffice. The cells 
in all cases possess a single parietal chloroplast which is sometimes 
reticulate and which contains one or more pyrenoids, except in some 
species of Llvella and in Trichophilus. 

Chaetonema irregulare Nowak. ((67) p. 302, (103)), a rare form 
epiphytic in the mucilage-envelopes of diverse freshwater Algae 
( Tetraspora, Batrachospermum, etc.), consists of little branched 
creeping threads giving rise to short upright filaments which are 
sometimes branched and each of whose cells bears one or more long 
unicellular hairs with a slightly swollen base (fig. 80 A). In the 
common freshwater epiphyte Aphanochaete 1 we have prostrate, more 
or less extensively branched filaments, some or all af the cells of 
which bear on their dorsal surface one or more erect unicellular hairs 
(fig. 77 A). In cultures these hairs are sometimes replaced by branches 
((25) p. 324), but in nature the upright system is represented only by 
the hairs which at an early stage lose their protoplasmic contents. 
Gonatoblaste ((67) p.311), occupying the mucilage of Zygnema- threads, 
is very similar, except that the hairs are stated to be mere outgrowths 
of the membrane (fig. 77 G, I); they originate at the apices of the 
terminal cells (cf. fig. 77 I), but gradually come to occupy a dorsal 
position. Bolbocoleon (((>7) p. 308, (119)), a marine epiphyte or endo¬ 
phyte, is distinguished by the fact that the hairs arise from special 
smaller cells, poor in chlorophyll, which occur singly or in groups 
between the irregularly rounded cells of the creeping threads (fig. 

77 J) 

A complete reduction of the projecting system is usually found in 
the endophvte P.ndoderma ( = Entocladia ), 2 the majority of the species 
of which are marine. The well-branched threads (fig- 77 D > E ) f? rmv 
within the membranes of diverse Algae (£. Wittrocku \\ die in many 


1 See <(»), (18), (39). R*7) p. 27X. <?*>• , , , _ 

* See (14) p. 291, (21 <i), (ji), (34), (40), (63), ((>7) p- 3 * 3 . ( ,2 5), (* 6 )• 
Entodictyon (130) appears to belong to this genus. 
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Phaeophyceae), while E. flustrae Reinke(i26) is found in Bryozoa. 
Especially among the marine forms, the threads often coalesce to 
form a compact, pseudoparenchymatous, usually one-lavercd stratum 
(cf. tig. 77 E). Lambert’s Didymosporangiwm. S6) is a similar marine 
epiphyte in which the threads are short and with few or no branches 
(fig. 77 K). Trichophilus Welckerius 4), living within the hairs of the 
sloth Brady pus, is scarcely to he distinguished vegetatively from an 
Endodcrma. 


The coalescence of the threads of the creeping system seen in 
certain species of Endodcrma is characteristic, of many epiphytic 
Chaetophoraceae which thus form more or less rounded discs, often 
of some size, attached to the substratum; the threads composing the 
discs are often free from one another at the margins, and the radial 
arrangement of the cells usually clearly indicates the filamentous 
origin of the whole. The marine Pseudopringsheimia 1 (072) p. 88), 
devoid of hairs, forms small cushions in which the short upright 
threads are densely apposed (fig. 77 B), while the basal cells commonly 
put out rhizoids which penetrate into the substratum. \\ ille’s 
Pscudulvclla (072) p. 90; Ulvella of Snowd^l) forms similar small 
discs (fig. 78 D) which commonly bear upright threads in the middle 
(cf. especially P. consociata Setchell and GardnertuS)). 1 hese types 
are paralleled by similar ones among the Ectocarpalcs (e.g. Ralfsta) 
and the Rhodophyceae (e.g. Hildenbrandia). In the case of 7 richo- 
discus(.tsb) the upright system is represented by numerous short, 
rarely branched threads and occasional long septate hairs (fig. 78 E), 
while in the marine epiphyte Ochlochaete ((67) p. 290) there are only 
unicellular hairs which are not cut off by a septum from the parent¬ 
cell. The small discs of this genus are composed of two or three layers 
of rounded cells in the centre which may possibly represent closel) 


adpressed upright threads. 

In several epiphytes of this discoid type only the basal system is 
developed. Thus,' Chaetopeltis ' 1 a freshwater epiphyte which is 
probably best included here, forms flat, almost circular discs com¬ 
posed of a single layer (rarely two) of radiating or irregularly arranged 
cells, the whole enveloped in mucilage (fig. 79 A) ; from the upper 
surface of the disc there arise a number of irregularly distributed 
mucilage-bristles (fig. 79 E) which may grow to a great length, but 
are sometimes altogether absent. In Pringsheimia the central 
reproductive cells of the mature one-layered discs are more or less 
wedge-shaped and elongated perpendicular to the substratuI J* wh 
the marginal cells are flattened and radially elongated (fig. /8 A, 
Long colourless hairs may or may not be present. 


; $?£incudes .he Genus A f ,,e- 


cluiele of Bohlin(9). 





Rl 5 nlrl 8 V-rT yP o ^ isC .° id Cha ‘-°Phoraccae. A-C, Pringsheimia scuta ta 

centra • u ? F Rc,n J c); A * matule disc with dehisced zoosporangia in the 

with \ oun ® P lant on Poly aphonia ; C\ the same in section; C\ thallus 

Snow? F P ”°. s P°™ n K ,a - D. Pseudulvella americana (Snow) Wille (after 

of d ' c p * Z ncho i' sc “* * 1 * 8 ?™ Welsf. (after Welsford); E. part of periphery 

Fritsch (aft.r n UP . of •Po« n B» from centre of disc. G, H, Ulvella Beesleyi 

KU z (after VVr^ ? ' ’ T"*» ^ al,US; H * ™»rmers. I, Protoderma viride 

XZ ‘ (after West); I , s.n K le cell. /,. hair; />. host; r. sporangium. 
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The discs of the freshwater Protode^ma (04) p. 245) consist merely 
of a small central group of polygonal, irregularly arranged cells with 
short branched filaments radiating from them (fig. 78 I). The in¬ 
dependence of Protoderma is still in doubt, although its reproduction 
by zoospores speaks for its being a separate form. In Ulvella ((5), (32), 
(67) p. 294) we have a very similar epiphyte, distinguished by the 
frequent forked character of the marginal cells, the presence of a 
more or less copious mucilage-envelope, and especially by the fact 
that older plants become several-layered in the centre, which is 
perhaps to be regarded as an almost suppressed formation of upright 
threads (fig. 78 G). One species of this genus is a common member 
of the encrusting community in streams (zi), while U. involvens (Savi) 
Schmidle(ns) is found on the carapace of tortoises. Diverse marine 
species are known (e.g. U. lens Crouan and U. fucicola Rosenv. on 
old plants of Fucus). 

The numerous prostrate Chaetophoraceae evidently grade into one 
another and, although they are distinguished by certain differences in 
reproductive details (cf. p. 264), it may be doubted whether all of 
them merit a distinct generic status. Too little is, however, as yet 
known about the majority of them to admit of any definite decision 
on this point. 


The Specialised Erect Types (Erectae) 

A few Chaetophoraceae are characterised by the complete absence 
of a prostrate system. These mostly give the impression of much 
reduced, specialised forms, and it may be doubted whether they have 
any close affinity with one another. In Microthamnionisi . 13s) the 
plants consist of well-branched filaments, devoid of hairs, at first 
attached, later often free-floating. The branches commonly arise 
unilaterally and are borne at the upper end of the parent-cell, the 
septum being often formed some distance up the branch (fig. 79 F). 
The elongate cells have thin cellulose walls and each contains a long 
plate-shaped parietal chloroplast of a pale green colour and devoid 
of a pyrenoid (fig. 79 G). Food-reserves are stored in the form of oil. 
Microthamnion has been suspected of belonging to the Xanthop y- 
ceaedzj), but the equal flagella of the zoospores and the cellulose 
nature of the membranes are altogether against this view. 

The minute freshwater epiphyte Thamniochaete (<«>, <■**>• < *J° > 
p. 403) consists of short erect filaments, branched or unbranched, the 
basal cell serving for attachment. The terminal cell and sometimes 
the subterminal ones bear long unicellular hairs (fig. 79 H, D- 
Raphidonema ((26), (*», (84), 0 s.«> P- 79 ). referred by PnntzCm) to the 

' It is doubtful whether T. aculeata West(«66) belongs to th»s genus. 
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Ulotrichaceae (cf. also (152a)), we have short, often curved, unattached 
threads tapering at each end and multiplying by splitting into two 
(fig. 79 C, D). The elongate cells contain a parietal chloroplast devoid 
of a pyrenoid. The usual habitat of this alga is on the surface of 
snow(42.84), but it has also been found in freshwaters. 



|R- 79 - A, E, Chaetopeltis orbicularis Berth.; E, in optical section. B, H-J, 
ammochaete Hubert Gay; B, single cell; H, I, two plants, only parts of the 
airs are shown; J, akinete. C, D, RaphiJonema nivale Lagerh. F, G, 
- tcrothammon Kiitzingianum Naeg.; G, a young plant, b, mucilage-bristle; 
n. hair ; p, pyrenoid. (A, E after Berthold; B, H after Chadefaud; C, D after 
Lagerheim; F, G after West; I, J after Gay.) 
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Reproduction oi- the Specialised Chaetophokaceae 

The majority of the reduced forms considered in the preceding pages 
are known to propagate hv zoospores, usually quadriflagellate (fig. 
77 F), but biHagellate in Didymosporangium (fig. 77 II), Ulvella 
(fig. 7S II), Protoderma , and Microthamnion. In most the zoospores 
are formed in unmodified vegetative cells, but in a few cases the cells 
producing them become enlarged and appear as more or less clearly 
differentiated sporangia. This is seen in Kndoderma (fig. 77 D), 
Pringsheimia (fig. 78 C), Trichophilus , and Ochlochaete , while in 
Didvmospnrangium the cells prior to sporangium-formation divide 
into four, so that the sporangia form characteristic four-celled groups 
(fig. 77 K-O). In the discoid types (e.g. Pringsheimia, fig. 78 A) the 
zoospores usually arise from the central older cells and in Ulvella 
they arc formed in the rounded cells in the middle ot the disc (cf. 
fig. 78 G). In Pseudopringsheimia (fig. 77 C) and Pseudulvella they 
are produced mainly in the terminal cells of the upright threads. I he 
number of zoospores produced depends on the size ot the cell. 1 hey 
are usually liberated through a well-defined aperture and arc some¬ 
times (e.g.. lp/mnochaete) enveloped in a delicate offstanding mucilage- 
bladder at the moment of being set free. In one species of Aphatw- 
chaete Paschcrou) records the formation of amoeboid swarmers 
(fig. 80 II, I). Thamniochaete probably likewise reproduces by 
swarmers(2z); structures resembling akinctes (fig. 79 J) have also been 
recorded in this genus. Aplanosporcs haveOnly been noted in a few 
cases. In Cluietoncma Huberts) has described palmclloid stages. 

Apart from Chnctonemu anti Aplianocliacte , the gametes where 
known arc isogamous and, except in Pringsheimia, appear always to 
be biflagcllate. In some cases (e.g. liolhocoleon) their sexual nature 
is in doubt, and in the same way it is possible that the biflagellate 
swarmers of Didyniosporangium are actually gametes. In Trichodiscus 
(fie 78 F) the gametes are produced in special gametangia formed on 
the upright threads. I'he sexual individuals of Pringsheimia u^) arc 
distinguished from the asexual ones by thin walls and the ultimate 
development of spaces between the cells. Whether this possibly 



ffiir 80 I a) Each gives rise to one or two spermatozoids (fig. 80 !•) 
Sch ; ^ pear-shaped, provided with four Hagcl.a and a minute 
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,'£• 8o - Oogamous Chactophoraceae. A-E, Chaetonema irregulare Nowak. 

er . cyer); A, habit; B, plant with oogonia; C, liberation of ovum; 

plant wuh anther.dia ; E, spennatozoids. F, G, J, K, Aphanochaete repens 

1n j ' ter Huber); F. microgamete; G, macrogamete; J, plant with oogonia 

amrw»K . f ndia ’* fertilisation. H, I, A. Pascheri Hcering (after Pascher), 

for ovum* 5 * 31 ™* 1 ”' antheridia '« hair; m, microgamete; o, oogonium 
tor ovum), p, pyrenoid; j, stigma ; t;. contractile vacuole. 
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chloroplast, and are liberated into a hyaline vesicle which soon 
becomes diffluent. The spermatozoids exhibit active movement, but 
the female gametes are sluggish and come to rest prior to fertilisation 
(fig. 80 K). The oospores are thick-walled with red contents; their 
germination has not yet been observed. Many authorities(106,122) 
place Aphanochaete in a separate family, but its anisogamy is so 
plainly derivable from the isogamy of other Chaetophoraceae that 
this appears unwarranted. 

This point of view is confirmed by the recent discovery of a similar 
heterogamous sexual reproduction in ChaetonenuHvs ). This form 
develops oogonia and antheridia on distinct plants. The oogonia, 
formed on lateral branches, are swollen cells (fig. 80 B, o) whose 
contents become filled with food-reserves and constitute a single 
ovum devoid of flagella. This is set free through a terminal opening 
(fig. 80 C). The antheridia (fig. 80 D, a) are formed by transverse and 
longitudinal division of the vegetative cells into eight parts (cf. the 
plurilocular sporangia of Brown Algae), each of which liberates a 
yellowish green biflagellate spermatozoid (fig. 80 E). Fusion has not 
been observed. Chaetonema in the absence of flagella on the ova shows 
an advance on Aphanochaete , but the fact that the ovum is liberated 
prior to fertilisation stamps the oogamy as relatively primitive. 

It is of interest that among the Chaetophoraceae heterogamy should 
alone be found in two prostrate types, and this altogether supports 
the view that these prostrate forms are specialised, while those with 
a marked upright system are the more primitive. 


(b) THE FAMILY TRENTEPOHLIACEAE 

The series of forms included in this family, in which hairs are only 
rarely developed, appear to have undergone less reduction, since the 
majority of the genera possess a thallus with both prostrate and 
projecting systems, often combining to form dense cushion-like 
growths. The swarmers in nearly all cases are produced in sporangia 
or gametangia which are more or less sharply differentiated from the 
vegetative cells. The Trentepohliaceae also show specialisation in 
other directions, to wit the frequent incrustation with carbonate ot 
lime in Gongrosira and related genera, the capacity for penetrating 
into calcareous and other substrata in Gomontia and Tellamia and 
the wind-dispersal of the sporangia in the terrestrial Trentepohlia. 

The Gongrosireae 

Among these essentially aquatic forms, the genus Gongrosiradz 9. 

,36. .6 9) may be regarded as constituting a central type. i. ts 

are found ip fresh, brackish, and salt water, -while one (G. terncola 
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Bristol do)) has been recorded from cultivated soils. The most usual 
habitat is at the margin of ponds, lakes, and on the stones in rivers 
where the plants form a tough green stratum; sometimes they are 
found on the shells of aquatic Gastropods. The plants appear as small 
cushions or as more spreading growths, which are frequently en¬ 
crusted with lime and may sometimes form quite a hard stratum 
(G. Scourfieldii West <163)). Weber van Bosse(iss) has described the 
living together of what is probably a species of this genus (G. spongo- 
phila = Trentepohlia spongophila Web. v. Bosse) with the sponge 
Ephydatiu. 

Attachment to the substratum is effected by a more or less pseudo- 
parenchymatous, one- or several-layered base formed by the con¬ 
fluence of the prostrate filaments and giving rise to numerous short, 
densely clustered, upright, branched threads (fig. 81 A). The cells, 
which are often of irregular shape, possess thin or thick stratified 
walls and contain a single, usually ill-defined parietal chloroplast with 
one or more pyrenoids (fig. 81 11). 

The sporangia are usually terminal on the upright threads (fig. 81 
F, G), although intercalary ones also occur. In one group of species 
( Ctenocladus of Borzi(i3) p. 27) they are scarcely differentiated from 
the ordinary cells and form few swarmers (fig. 81 C), whilst in the 
remainder ( Eugongrosira) they are much enlarged cells which give 
rise to numerous zoospores. The latter are biflagellate, ovoid, and 
slightly flattened (fig. 81 E). Swarmers, believed to be gametes and 
likewise biflagellate, are produced in the lower cells of the upright 
threads. Akinetes are not uncommon and are generally formed from 
the cells of the prostrate system (cf. fig. 81 D). 

The cushion-like growths of Chlorotylium (<s6>, (123), (140) p. 308),' 
W IC j^ are likewise often encrusted with carbonate of lime, are found 
attached to rocks, etc., in fast-flowing streams. The chief distinctive 
eature is a characteristic concentric zoning of the upright system 

' A r , ^ Ue to a l ternat ion of short cells with dense green contents 
a n o elongate cells poor in chlorophyll, this differentiation taking 
^1 a k° ut same level in all the densely apposed threads. 
!-? ge ate s ' var mers are formed from slightly enlarged terminal cells, 
1 e ot ers with four flagella are produced from akinetes which are 
* ree b y gelatinisation of the threads. 

wh ,mi n0t encruste d cushions are found in Leptosira (03) p. 17). 

v„ii ere 1 e breads a re markedly torulose and the cells contain a pale 
w a !!!" 8reCn chloroplast without a pyrenoid (fig. 82 C). Biflagellate 
ers are here formed by simultaneous division of the protoplast 

the Lml'.'.'p!describes what he believes to be a fossil ally of this genus from 
necessarv -,.;j Cene under name of Clilorotyliles. In the absence of the 
blematical CnCC ° S *° cc,, ’Contents such an affinity must be highly pro- 
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Fiji. 81. A, F, G, Gongrosira stagnate (West) Schm.dle (afterVNcsif). , . 

u ith dehisced zoosporangia. B, Chlorotylium cataractum Ku'z. (after Migul )- 
(/, !•:, Gongrosira circinnata (Borzi) Schmidlc (after Bore.); C. foirnation o 
zoospores; E, zoospore. D. H. G. Debaryana Rabenh. (after W .lie), U, 
germinating akinete; II, young plant, s , sporangium. 


of Bor *i (af *" Bor2 ‘J; a, Com, 

°ol £*2 f Ss 

Printz), with akinetes P Y L ’ Lochmt ' 1 ™ pilultferum Printz f 
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of any cell and are liberated through a lateral aperture. These zoospores 
are stated to give rise to Characium-Xike stages (fig. 82 B) whose con¬ 
tents divide to form a number of aplanospores (fig. 82 A, F) which 
produce new plants. Gametes indistinguishable from the zoospores 
fuse to form a zygote whose further fate is unknown (fig. 82 G, I). The 
reproduction of the two genera just mentioned is in great need of 
reinvestigation. Vischer ((152a) p. 83) describes a second species of 
Leptosira in which only zoospores that germinated directly were 
observed. 

In a number of forms that appear to belong here there is no prostrate 
system. Such are: Borzi’s Chloroclonium ((14) p. 303), epiphytic in the 
mucilage-envelopes of various freshwater Algae and only known from 
Italy; Kuckuck’s Sporocladusi, 81), found on rocks on the coast of 
Heligoland (fig. 82 D); and Printz’s Lochmium (120), an epiphyte found 
in fresh and brackish marshes in Southern Siberia (fig. 82 L). Sporo- 
cladus (fig. 82 D) has sharply differentiated lateral or terminal sporangia 
producing a small number of quadriflagellate swarmers (fig. 82 E), 
while Lochmium (fig. 82 L) forms characteristic ovoid akinetes (a) 
terminally on the branches. 

The terrestrial Pleurastrum 1 ((23), (152a) p. 16), on the other hand, 
possesses only the basal system and propagates by biflagellate 
zoospores; 2 it is clearly a markedly reduced form whose exact 
affinities are difficult to establish (fig. 82 J). Two interesting endo¬ 
phytes in marine Algae are Pseudodictyon and Endophyton( 47), the 
former inhabiting Laminaria , the latter diverse Florideae. In either 
case the more superficial threads bear short upright branches which 
extend up to the surface of the host and form terminal sporangia 

(fig. 82 K). 


The Gomontieae 

In the genus Gomontia the normal polarity of the thallus of Chaeto- 
phorales appears to be inverted, since the often almost pseudo- 
parenchymatous prostrate system composed of very irregular cel s 
(fig. 83 D) grows immediately within the surface-layers of t e 
substratum, while it gives rise on its lower side to threads with ver} 
elongate cells which penetrate deeply into the latter (fig. 83 A, )• 
The structure might also be interpreted as one in which the upright 
system is suppressed, while the rhizoids found on the underside or 
some Chaetophoraceous epiphytes have become specially developed 
to form the penetrating threads. The cells contain a single parietal 
chloroplast and are commonly multinucleate. 

» The genus Pseudopleurococcus of Snow(« 4 3 ) is often included in Pleuras¬ 
trum (cf. however (1520) p. 17)- . . . . ,_which 

* A very similar form is Pseudendoclomum ((152a) p. 21, (170*)) in 

however, the swarmers are quadriflagellate. 
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The substratum may be calcareous, woody doo), or composed of 
dead algal cells. G. perforans (Chod.) Acton ( Foreliella perforans 
Chodat <*4) P- 434 ) inhabits the shells of living Mollusca in various 
bw,ss lakes, while G codiolifera (Chod.) Wille* ( Gongrosira codiolifera 
Chodat (24) p. 443 ) has been found on calcareous rocks in the Lake 
of Geneva. Acton(1) has described another freshwater species 
(G. Aegagropilae) found in dead Cladophora holsatica “ balls ” from 
Scotland. G.polyrhiza (Lagerh.) Born, et Flah. is widely distributed 
in the northern hemisphere in the empty shells of marine Molluscs 

(12 , I7l). 

be rubbed off ‘Jlfttf 8 * * 38 S reen specks which cannot 

l n Ub p , d ° ff \ th u e s P ec L ,es , mhabiting shells the penetrating threads 
often extend right through their substance, and in G. polyrhiza form 

a secondary prostrate system on the inner surface, while Chodat 
describes them as terminating in characteristic enlargements in 
G. perforans (fig. 83 E). The penetration of the threads fs of course 
due to solution of the lime by the growing tips and when laie 

o 7 “he SS 

/L 2i rf nit^ 1 ,nt ° the interior of the substratum 

SEZ ee^^ed 

numerous aplanospores or lar«nSToP' deS, i ribed ei ' her fo ™ 
swarmers of different sizes JL; r k ° f P ear ' sh aped biflagellate 

although their fusion has not yet beeneSlbhed gameteS * 

either grow direct into new plants or after a P ,anos P ores 

even within the sporangium, itself (fig sV n °. r SOmel imes 

aplanosporangia. Acton records akine’tes 3 (fig 8 £ C \° ot * 1 * r 

The n «“u? CS i;* bes . palme,loid stages in G^fyrh L“' ^ 

ostracum of the sheHsVf marin^ P *-| 23 ? which lives in.the peri- 

the calcareous p^Ton haTT cree" 2 - bU ' d ° eS r" 0t P e «.ra,e P in .o 

branched threads. From these aris/vertiSTh ™ °l deCp oIlve_ g reen 
and pointed (fig . 83 L) and grow 

bor.^'T^Tlie™, U*to P be 2 .°G"^S“. d ° Ub ' S ' Vh “ her ,his a 'e» » lim«- 

hinueiF^rjx" sjTjSraf he 
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Fig. 83. Gomontieac. A, B, D-F, Gomonlia perforans (Chod.) Acton; 
A, B, sections of shell of Anodonta ; D, surface-section; E, inner part ot she 
in section showing the dilated rhizoids (e) ; F, swollen cells of external zone, 
* a probable sporangium. C, I, J, G. polyrhxza (Lagerh.) Bom. et . Flah., 
C, threads with sporangia (r) from beneath surface of shell; I, young®P‘* . 

sporangium; I', an aplanospore developing into a new sporangiu1 . 

j, sporangium with germinating aplanospores. G, \ G ^ e ^m 1 ™ct,torta 
G, part of penetrating system; H, akinete (a). K, L Tellamta con 

Batters; K, seen from above, j a young sporangium; L, °, f f 

of Littorina, with the upright threads, c mother of pearl layer of 
d, penetrating threads;«, inner and o outer layer of shel , p, Pjostrate sy 
(C after Bornet and Flahault; I. J after Lagerheim, G, H after Act 
K, L after Batters; the rest after Chodat.) 
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outside, in the latter case projecting through the periostracum. The 
swollen sporangia are terminal or intercalary and produce a large 
number of swartners (fig. 83 K, s). Akinetes are also known. As 
Printz ((12a) p. 201) points out, this genus shows some similarity with 
Endoderma. 


The Trentepohlieae 

The forms classed in the Gongrosireae and Gomontieae possess cells 
with a single chloroplast, mostly containing pyrenoids, and therein 
approach more nearly to the Chaetophoraceae. The subaerial Trente¬ 
pohlieae, on the other hand, have several chloroplasts without 
pyrenoids in their cells. The widely distributed genus Trentepohlia 
(Chroolepus) 1 occurs attached to rocks, tree-trunks, woodwork, etc. 
The species are most abundant in damp tropical or subtropical 
climates (41,107), where they also occur profusely as epiphytes on 
leaves (132), while in temperate climates they are found wherever the 
necessary degree of moisture exists. They are thus most common in 
wet mountainous regions and are usually comparatively rare in the 
lowlands. It is possible that the real home of the genus is in the 
Tropics, and that from there it has invaded especially the damp 
mountainous tracts of temperate regions. 

In the majority of cases the Trentepohlias appear as orange-yellow 

tresses or cushions, although in a few species like T. umbrina (Kiitz.) 

Worn, they may form merely a fine crust. The characteristic colour 

is due to the usual presence in the cells of orange-red haematochrome 

issolved in fat ((so), (70) p. 3), globules of which of diverse size occur 

especially around the chloroplasts (fig. 84 K, h). The lipochrome 

masks the green colour of the latter, but in shaded situations for 

example the pigment may be almost completely lacking, so that the 

f™wt s appear green. According to Ser.n(i37) the haematochrome 

° , re g ardec { as a food-reserve and consequently accumulates in 

- ln we ll-l»ghted situations; in nutritive mineral solutions 

a< ?M e grOWth the amount of the Pigment becomes greatly 
diminished, while during dry periods with cessation of growth it 

accumvdates ,n large quantities. Plants of Trentepohlia can withstand 

Geftl e r\°K S 0f . dr y in 8 without appreciable change(6 S > and, as 

the rest na ^ poin f ted out * their ce »s at such times closely resemble 

conte^ ’1 ° thCr AlgaC in P ossessin g 3 rich haematochrome- 

content and displaying a reduction of the chloroplasts. 

oftCT ^ ren *epoA/ia constitute the algal component of a number 

inhabiting r^. 3 KV| ,,SO) ' T ‘ umbrina is found in the bark- 

mhabiting Graphidaceae, whilst in the lichen Coenogonium the fungal 

1 See ds). (sa), (58), (59), (76), (93). 
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threads form a more or less dense network around the filaments of 
T. aurea(ii.si). 

In the majority of the species the thallus shows a plain differentia¬ 
tion into prostrate and erect threads (fig. 84 A), but in T. umbrina the 
latter are often very little developed (fig. 85 A, B), while in the species 
of the section Heterothallus (e.g. T. effusa , T. depressa, cf. (58)), where 
the basal threads form almost a pseudoparenchyma, the upright 
filaments have few or no branches and are gradually attenuated. In 
most cases the threads of both systems are well branched, the branches 
being alternate and arising either from the top of the parent-cell or 
subterminally or even from the middle (fig. 84 B). The growth is 
apical (is. «6s). The septa are often provided with a single large pit 
occupied by a protoplasmic strand (fig. 9 D, p. 64). 

The cylindrical or barrel-shaped cells have thick cellulose walls 
which are sometimes plainly stratified (fig. 84 E), the successive layers 
being parallel or divergent (165). When they are parallel, growth is 
accompanied by stretching of all the layers and in such forms the tip 
of the apical cell shows about the same degree of thickness as the rest 
of its wall. When the strata of the wall are divergent, some of them are 
ruptured at each cell-division and as a consequence the surfaces of older 
cells often present a frayed appearance (fig. 84 J). Rupture of the outer 
layers appears to occur in all cases during the production of a lateral 
branch whose base is commonly surrounded by the remnants of these 
layers. 

Especially in the forms showing divergent strata in the wall, the free 
ends of the apical cells are covered by characteristic caps of pectose 
(fig. 84 F, H) which, according to West and Hood (165) represent a 
secretion and may well serve to diminish transpiration from the exposed 
tips. In some species (e.g. T. aurea) the caps commonly get pushed 
aside during the growth of the apical cells (fig. 84 I), and the remains 
of such displaced caps may be found attached to the lateral walls of 
older segments (fig. 84 J); in such cases the apical cell forms new caps 
time after time. Steinecke(i+4> is of the opinion that the caps are formed 
by rupture of the wall at each division of the apical cell, representing 
really a series of lamellae; this may well be a correct interpretation, 
although the data offered in its support are not adequate. 1 


The cells always contain a number of chloroplasts which are either 
discoid (fig. 84 D, K) or band-shaped (fig. 84 C, M, N); the discs 
often exhibit an arrangement in bands (fig. 84 L), and the latter 
probably represent the original type (so). Older cells are common y 

multinucleate. . . , f : Q 

Vegetative reproduction by detached wind-borne fragments 


• Irg«ng( 7 °), Who i. evidently unfamiliar with the work of West »^Hood. 
repeats Brand’s(15) statement that these caps are fonne 
shrivelled cells, but he produces no evidence for this view. 
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C D M ^ 5tru « urc of Trentepohlia. A. B, H-L, T. aurea Mar 

Dc Toni'v/r ^ ^t 2 ').Bom.; E-G, 7\ Montis-Tabulae (Rc.nsc 
erectsvsJ*, Cey !™ ca W “V M - ^ A*™** (L.) Wittr. A, prostrate a 
C D K-JFr.u'* 1 s P° r 1 f"8 ,a * one °f axillary (a); B. erect threa 

of pe«oJ « n , A W Chl0r ° plaStS: E ~ J * structure and mode of formatr 
system- A Si’ pTOit ^ system; c, innermost layer of cell-wall; e, er, 

(A, B after (ho I° f PS p V T* 1 hac ™? tocl ^ romc ; P, pectose caps; s t sporangiu 
1 ’ aflCr Chodat : E-J after West 8c Hood ; the rest after Geitler.) 
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probably of frequent occurrence. In T. umbrina the rounded or 
ellipsoidal cells of the prostrate system readily separate from one 
another (fig. 85 B), forming a fine dust which is no doubt dispersed 
by the wind. Irgang(7o) mentions that in T. Iolithus the majority of 
the cells of the threads die off during dry periods, leaving only 
occasional cells rich in haematochrome which presumably serve for 
purposes of propagation. Abundant reproduction during wet weather 
no doubt also occurs by means of swarmers, although there is some 
evidence that such propagation only takes place at certain times of 
the year (65). The swarmers are formed in special ellipsoid or ovoid 
sporangia which are of two or possibly three kindso3.16.76.930). 

The simplest are the sessile sporangia (fig. 84 A) which occupy very 
diverse positions; they may be terminal, lateral, intercalary, or rarely 
axillary (a). They are formed merely by enlargement of a cell and, 
unlike the other types, liberate their swarmers without detachment. 
The stalked sporangia (fig. 85 H, I) appear only as terminal or lateral 
appendages and are formed by the cutting off of a tubular outgrowth 
(fig. 85 J, K) from a somewhat enlarged supporting cell which may 
give rise to several such sporangia (fig. 85 I). The apical part of the 
outgrowth swells up to form the sporangium which then becomes 
separated from the stalk-cell below, which is often bent in a charac¬ 
teristic knee-shaped manner. The intervening septum develops two 
concentric ring-shaped cellulose thickenings (fig. 85 N), the one 
peripheral (o), the other more central (1). The stalked sporangia 
appear usually to become detached (fig. 85 M) and to be wind- 
dispersed, the liberation of the swarmers taking place on subsequent 
wetting. Quite similar sporangia occur in Cephaleuros (p. 280). 

The mode of detachment is not altogether clear, especially as regards 
the rdle played by the thickening rings on the septum; it seems that 
the latter splits, as well as the rings (cf. fig. 85 L). The third type of 
sporangium (“ funnel-sporangium” of Brand (16)) is produced terminally 
from the apex of a cylindrical cell (fig. 85 O), the septum that cuts it 
off lying between two superposed thickening rings (fig. 85 P, u, /). The 
outer layer of the original cell-wall splits at the level of the septum, 
so that these sporangia likewise become detached at maturity. As 
01tmanns((io6) p. 326) suggests, these funnel-sporangia may be but a 
modification of the stalked sporangia. It is not at present known 
what kinds of reproductive cells are formed by the funnel-sporangia. 

The stalked sporangia produce a considerable number of bi- or 
quadriflagellate swarmers liberated through a terminal or 
aperture which is usually somewhat protruded (fig. 85 H, M). The 
somewhat flattened swarmers appear always to germinate direct (76). 

The sessile sporangia invariably produce biflagellate swarmers 
(fig. 8 c E) and in certain cases they have been observed to behave as 
isogametes ((82), (.67); cf. also (76) p. 53) (fig- 85 F). although they can 
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8 S- Reproduction of Trentepohlia. A-D, H, I, L. M, T. umbrina ; 

T ' Bleischii (Rabenh.) Wille; J, K, N, T. Iolithus-, O, P, T. annulata 
Brand. A, B, fragmentation of prostrate system; C, D. gametangia, in C 
i erating gametes; E, F, sexual fusion; G, zygote; H, stalked sporangium; 
, thread with same; J, K, development of same; L, M, its detachment; 
> stalked sporangium (diagrammatic); O, two stages in development of a 
unnel-sporangium; P # the same mature (diagrammatic). b 9 prostrate and 
9 erect systems; i, inner and o, outer thickening of sporangial septum; 
/p°n er f an i“’ u PP er rings of thickening; s , stalk-cell; sp , sporangium. 
jT\rv aftcr Karsten ; E “G after Wille ; J, K, N-P after Brand ; the rest after 
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also germinate without fusion or give rise to aplanospores (93 a). There 
is therefore some justification for regarding this type of sporangium 
as a gametangium. Unlike the stalked sporangia, these structures are 
not uncommonly produced on the basal parts of the plant (cf. fig. 
84 A) ; this is often the case in species of the section Heterothallus. 
Here inundation admitting of sexual fusion will readily occur, whilst 
the usual production of the stalked sporangia on the erect threads 
admits of an easy wind-distribution. In many cases stalked and 
sessile sporangia occur on the same individual, but it seems that not 
uncommonly they are found on distinct plants which suggests the pos¬ 
sibility of an alternation. The two types of individuals may, moreover, 
seemingly show other differences; thus, while the usual individuals 
of T. umbrina (fig. 85 A) produce only sessile sporangia from cells 
of the prostrate system, others appear to develop upright threads 
bearing stalked sporangia (fig. 85 I) (do) p. 101, (36), ( S 2), (93)). 

Trentepohlia monile de Wildeman, widely distributed in the Tropics, 
has been placed by Printz(i2i) in a separate genus Physolinum, distin¬ 
guished by the fact that growth and branching are brought about by 
a process similar to budding and that the sporangia produce only 
aplanospores. Stomatochroon (175) is a reduced form inhabiting the 
stomatal apertures of the leaves of tropical plants. The plant consists of 
a lobed anchoring cell located in the respiratory cavity and a cylindrical 
thallus cell projecting slightly from the pore; on this are borne a few 
vegetative threads, as well as typical sporangia like those of Trentepohlia. 
In Dangeard’s Rhizothallusijs), growing on clayey soil near streams, 
the prostrate system ramifies to some depth in the substratum. In the 
absence of reproductive organs its systematic position is uncertain. 

In other Trentepohlieae the erect system exhibits extreme re¬ 
duction. Phycopeltis 1 is a small discoid epiphyte, one species of 
which (P. epiphyton Millard., fig. 86 A) has not uncommonly been 
found on leaves and other parts of Abies , Hedera , Rubus, etc., forming 
greenish or orange-yellow specks due to the compact one-layered 
strata. In other species the latter are more plainly composed of 
anastomosing threads (sect. Hansgirgia). Short vertical filaments 
bear the detachable stalked sporangia which give rise to biflagellate 
swarmers, while smaller biflagellate gametes are formed from the 
central cells of the prostrate system (fig. 86 A, D, E). Phycopeltis 
expansa is the algal component of the lichen Strigula complanata . 2 

The tropical genus Cephaleuros 3 comprises both epiphytes and 
parasites, usually found on the leaves of Phanerogams. The thallus 
consists of one or several layers of branched interwoven threads with 

1 See (73), (76), (96), (99), O32). . ... 

2 There is some confusion as to the genera of Algae forming the gomdia 

of this Lichen (see (9O p. 60; and p. 280). 

3 See (57), (76), (» 34 ), (« 47 ). 
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apical growth which usually form a more or less compact stratum 
(fig. 86 J, L). Vertical threads, which project to the exterior in the 
case of the parasitic forms and. are often unbranched, bear lateral 
clusters of stalked sporangia like those of Trentepohlia (fig. 86 F, G). 
In certain species sterile projecting branches ending in hairs are 
produced (fig. 86 L, h). In the parasitic forms richly branched 
unicellular rhizoids arise from the lower cells of the stratum (fig. 86 
J, r) and ramify in all directions in the tissues of the host (cf. fig. 86 F). 
Both these and the ordinary threads have been observed within the 
actual cells (76), but it is not clear whether penetration of the latter 
occurs before they are dead. The cells contain chloroplasts like those 
of Trentepohlia. 

C. virescens Kunze {Mycoidea parasitica Cunningh.<33.76)) is parasitic 
on leaves of Camellia, Rhododendron, Thea, etc. It is the cause of the 
“ red rust of tea” in north-east India and Assam, one of the most serious 
diseases to which the tea-plant {Thea sinensis) is subject; it is most 
destructive as a stem-parasite (o*). It attacks both leaves and young 
shoots, the latter being infected by swarmers formed from the thalli on 
the leaves. The parasite can only make headway when the host is 
growing slowly; when the latter is vigorous, the alga is gradually shed 
by exfoliation of the outer tissues. The same species also attacks the 
Piper-plantations in eastern India (.39), and according to Wolf<«73) the 
Citrus-trees in Florida, where the tissues beneath the point of infection 
are stimulated to form wound-cork. C. Coffeae Went(«S7) is parasitic on 
Coffea liberica, the sporangium-bearing threads in this case projecting 
from both surfaces of the leaf, those on the lower side emerging through 
the stomata. C. virescens is often associated with the lichen, Stngula 
complanata , 1 which is also parasitic (153). 


The sporangia of Cephaleuros produce biflagellate zoospores, while 
gametangia, often formed by enlargement from the ordinary cells 
the stratum (fig. 86 I, K), give rise to biflagellate gametes (fig. 86 
H, M). In the parasitic species the swarmers are washed into the 
stomata during rain and soon develop a stratum beneath the epidermis 
which becomes gradually elevated. 

The classification of the forms discussed in th .c 
one familv was first advocated (170), but later abandoned by WiUe («7 > 
ThertTare ^course obvious differences between the Trentepohl.^e 
j Conrrosireae in cell-structure and in the high degree of adap 


1 Cf. footnote 2 on p. 278. 
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than is usual among the Chaetophoraceae, the occasional differentiation 
of sporangia among the latter being much more marked in the former. 
Moreover, many of the Trentepohliaceae show adaptation to special 
habitats and in this respect also exhibit a greater specialisation than do 
the Chaetophoraceae. It is especially Microthamnion among the latter, 
whose correct position is in doubt and which shows perhaps greater 
resemblances with the Gongrosireae. 


(r) THE FAMILY COLEOCHAETACEAE 

The abundant freshwater epiphyte Coleochaete , 1 with about ten 
species, is the only representative of this family. Like so many other 
oogamous Green Algae it occupies a rather isolated position. Some 
species (e.g. C. pulvinata , fig. 87 F) possess a typical heterotrichous 
habit, the numerous filaments of the projecting system combining to 
form a hemispherical cushion which is usually enveloped in mucilage. 
In most species, however, only the prostrate system is represented, 
either appearing as loosely arranged branching threads (C. divergens , 
fig. 87 H ; C. Nitellarum) or as more or less circular discs in which the 
creeping threads are arranged radially and are attached (always?) by 
slender outgrowths of the walls adjacent to the substratum 058). In 
the latter case the individual threads may be readily distinguishable 
(C. soluta Pringsh.) or they are congenitally fused to form a compact 
one- (sometimes two- or three-) layered stratum (C. scutata , fig. 87 A). 
C. Nitellarunu,! 5.87) often grows endophytically beneath the cuticle 
of Characeae. The growth is always apical, taking place by means of 
a marginal meristem in the discoid types. Branching of the threads 
js either effected by lateral outgrowth or by dichotomous division of 
the apical cells. 

The cells are uninucleate and possess a large parietal chloroplast 
of irregular shape with one or two prominent pyrenoids (fig. 87 E); 
this is normally apposed to the dorsal wall. Usually every cell bears 
a characteristic sheathed bristle (fig. 87 C-E) which, according to 
Wesley ((158) p. 16), is initiated by the development of a pore in the 
outer wall, followed by the secretion of a continuous membrane over 
the protoplast. Opposite the pore a deeply staining granule (some¬ 
times two) arises frpm which a dense finely granular mass issues, 
passing into a protrusion formed by the outgrowth of the new mem¬ 
brane through the pore. Ultimately this protrusion ruptures apically 
and remains as the sheath about the central cytoplasmic thread which 
continues to elongate to form the bristle. The base of the sheath 
enlarges and extends into the cell as a knob-like structure. The 
ristles readily break off and on older plants one often finds only the 
basal sheath. 


* See (24) p. 457. (7s), (105), (117). 



Fig. 87. Structure and reproduction of Coleochaete. A—D, I, C. scutata'Bx€b .9 
A, part of disc with mature fruits (/); B, small part showing hairs (n) an 
developing antheridia (a); C, D, young stages in side-view; I, later stage 
from above. E, F, C. pulvinata A. Br.; E, young thallus; F, part ot erect 
system with hairs (h), oogonia (o), and antheridia (a); at / enve °P e ** 
forming around the oogonium; above two spermatozoids (s). G, C. iVi tellarum 
Jost, zoospore. H, C. divergens Pringsh., with antheridia (a) and oogonia (o). 
c, chloroplast; p f pyrenoid. (E after Chodat; G after Jost; the res 
Pringsheim.) 
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Asexual reproduction (117.158) is effected in spring and early summer 
by large ovoid biflagellate zoospores which are formed singly in the 
ordinary cells and escape through a round opening formed at the apex 
of a short papilla. The zoospores (fig. 87 G) are peculiar in frequently 
having the single chloroplast placed laterally; they lack an eye-spot. 
In germination the swarmer divides either horizontally into two 
overlying cells of which the upper merely forms a hair, while the 
lower segments in two directions at right angles to the substratum to 
form the disc (C. scutata, fig. 87 C, D), or vertically into two cells 
which constitute the centre from which the creeping threads develop. 
The zoospores of C. Nitellarum put out a tubular prolongation which 
pierces the cuticle of the host and produces the threads which push 
their way between the layers of the wall. 

The sexual reproduction, which in European regions usually takes 
place from May to July, exhibits the most specialised type of oogamy 
found among the Green Algae. In C. pulvinata (fig. 87 F) the oogonia 
(0) are formed terminally on short lateral branches of the projecting 
threads, but are usually subsequently displaced to one side by a 
branch arising from the underlying cell. The oogonium (fig. 88 A) is 
flask-shaped with a swollen basal portion containing the chloroplast 
and a long neck (trichogyne) harbouring only colourless cytoplasm. 
At maturity the tip of the neck breaks down (fig. 88 B), a certain 
amount of hyaline cytoplasm is exuded, while the basal protoplast 
rounds off to form the single ovum. In the discoid forms, where the 
oogonia appear as bulging hemispherical structures with the neck 
represented at best by a short papilla, they likewise arise terminally 
by the enlargement of certain marginal cells. The surrounding ones 
continue the peripheral growth of the disc, so that the oogonia later 
appear mtramarginal (fig. 87 A) and, since two or more series may 
evelop consecutively, they are found arranged in rough concentric 


The antheridia of C. pulvinata are borne in clusters at the ends of 
Dranches of the projecting system (figs. 87 F; 88 C, a), often on the 
e main thread that bears an oogonium. They arise as small 
colourless outgrowths which become cut off from the parent-cell. 
, 0 UI ^ c °rnrnonly similar antheridia may be produced at the sides of 

Ce ^ S ° r even b y those below an oogonium. In most 
of th* l® cold s P e ?‘ es l bey occupy a comparable position at the margin 
, e IS< 1 » .ut in C. scutatausv) they originate from some of the 
moHu^ 8 ° f dlV . lsi ° n of an intercalary cell (fig. 87 B). Each antheridium 
P f „ ® x a S , 1I ? g e c°i°urless spermatozoid (sometimes green in 

nrov^ i’ 1Ch 18 ° Val or s P herical in shape (cf. fig. 87 F, s), and 

brealcin a P Ica * flagella. The male cells are set free by 

SDecif>« f < !r rn a P ex ot l b e wa A tb e antheridium. A few 

species are dioecious (e.g. C. scutata). 
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( d ) THE FAMILY CHAETOSPHAERIDIACEAE 


The Algae comprised in this family are not necessarily closely related 
to one another, but until their affinities are more clearly established 
it is convenient to class them together. They are all reduced aquatic 



Fig. 89. A, Oligochaetophora simplex West (after West). B-I, Dicranochaete 
reniforrnis Hieron. (-B-G after Hodgetts; H, I after Hieronymus); B two 
swarmers; C, two zygotes; D, cell-structure; E, 1-3, three stages in develop¬ 
ment of swarmers; F, habit; G, dehisced sporangium; H, development ot 
seta; I, the form with a tuberculate wall, n, nucleus; p, protoplasmic thread 
in seta; py, pyrenoid; s, stigma. 


• • 

forms, mainly living in freshwater, whose only common characteristic 
lies in the development of one or more solid setae from the membranes 
of the cells; in some forms (e.g. Chaetosphaeridium, fig. 9 ° A ) the 
setae have a basal sheath, as in Coleochaete. Several of the genera 
consist of loose clusters of unicellular individuals—isolated cells being 
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not uncommon—and might with equal justification be referred to the 
Chlorococcales. Some or all may, however, well represent reduced 
Chaetophorales. There is usually a single parietal chloroplast. 

In West’s Oligochaetophorcn 160.16.) the subglobose or ovoid cells are 
loosely aggregated to form very small colonies with but a slight attach¬ 
ment to the substratum, and each cell bears on its dorsal surface 2-4 
long flexuose unbranched setae (fig. 89 A). 

The cells of the not uncommon epiphyte Dicranochaete(ti ) are 
often single and only rarely united into short row’s. They are specially 
characterised by the forked gelatinous setae (fig. 89 F) which are 
sometimes of considerable length. In D. reniformis Hieron. the seta 
arises from the ventral notch of the kidney-shaped cells, but in 
D. brttanmca West(.62) the cells are globose and bear the setae 
dorsally. The swarmers of D. reniformis ultimately become attached 
by one side, while the anterior hyaline end grows out as a delicate 
protoplasmic thread (cf. with pseudocilia) which becomes enveloped 
n a tube of mucilage; thereupon the protoplast secretes a wall in the 
t h S r U e a a . Way f (fi .f- 8 9 H )- \ Vhen ^e hair, after repented forking of the 

branch^ 18 8 L° Wn the , muc ' ,a g e closes in over the apices of the 
r h, K thC P r ° to P lasmic thread ^ retracted, its place being 

wall er the in y ™ UC ' la S e “'’- The chloroplast lies against the otitef 
_ • ! 1 u C ? which, in D. reniformis, often bears a number of 

fom^fromT “ (fig ‘ 89 i l J a The Cel,S by success * ve division (fig. 89 E) 
jorm from four to 32 biflagellate zoospores (fig. 89 B) whichare 

Hodg t ‘ h hC detachment ° f a “ W W Adding <° 
Hodgetts(62) these swarmers may occasionally behave as gamete 

™rat a rfe a 8' Zyg ° te which ’ like th c zoospores, soon 
hr™ / St Resting stages enveloped by a thick mem 

brane are formed from the contracted protoplast 

the forms w ith sheathed bristles the commonest is Chaeto 

aggr ° QC r “ Sing ' e Ce " S °’ 

anLvS f ? f s P hencal cells, sometimes enveloped in mucilave 

form Short rr rger A1 f? C 3nd ° ther at l uatics - Th e cells are united to 
separated!creeping filaments in which the individual cells are often 

one side oJ develoninJ \ ^ ^ daUghter ' ce H then migrating to 

Protoplast pasles the (fig ‘ 9 ° B) into which the 

Part behind Each ctll hl part bec f omin g cut off from the empty 
and delicate setaT ° n ,tS free surface an often very long 

tured outer layers 0^? n \ * ,***1 sheath formed by th ^ ru P' 
Reproduction^s effected bv SCta ® common ly break off. 

a cell. CffeCted by zoos P°res, four of which are formed in 

Conochaete( 7 s., 35 . i66) is a simi , ar form with loosely aggregated 
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each bearing a number of long setae which radiate in all directions and 
arise from the apices of conical sheaths (fig. 90 C). The cells multiply 
by division and the formation of zoospores. Suessenguth(i4s) has 
recorded the occurrence of a species of this genus within the thallus of 
Pel tiger a. 



- _— 

Fig. 90. A, B, Chaetosphaeridium minus Hansg.; B, escape °f probable 
s warmer. C, Conochaete comosa Kleb. D-H. Pleurococcus Chjd. ; 

D. cell-structure; E. normal packet; F-H thread-formation. 
n, nucleus. (A-C after Klcbahn; D after Fntsch & Salisbury, the res 

Chodat.) 
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(e) THE GENUS PLEUROCOCCUS 

Pleurococcus is the commonest, and probably best regarded as the 
only, genus of the family Pleurococcaceae. It is an ubiquitous 
terrestrial alga, occurring in great profusion in all kinds of damp 
situations as a thin incrustation on the windward side of stones, walls, 
palings, tree-trunks, etc. The cells can withstand prolonged desicca¬ 
tion without change (45), and there is no evidence of the occurrence 
of special resting stages; this alga probably covers most of its moisture- 
requirements by the absorption of atmospheric vapour(i3i). 

The common terrestrial form is P. Naegelii Chodatu?) (P. vulgaris 
Naeg. non Menegh.; Chlorococcum vulgare Grev.; Protucoccus viridis 
Ag.). 1 The mature cells are isolated and more or less globose, but 
they are frequently found in groups of two, three, four or more 
(fig. 90 D, E) owing to slow separation of the products of division. 
In moist places short filaments (3.25. 26) with a few branches (fig. 90 
F-H) are often produced as a result of division mainly in one direction, 
such filaments readily arising in cultures. The cell-walkis firm without 
usually being appreciably thickened, while the protoplast is without 
obvious vacuoles ( 4 s) and contains a single parietal, more or less lobed, 
and often massive chloroplast without a pyrenoid (fig. 90 D, c). The 
sole method of reproduction certainly established is by vegetative 
division in three directions followed by subsequent separation of the 
cells. 

There is probably no other algal genus about which there has been 
so much confusion. Many of the species that have been ascribed to 
Pleurococcus belong to Chlorococcum, Chlorosphaera, Trebouxia ( Cvsto- 
coccus), or Chlorella, or even to other algal classes, and until relatively 
recent times any globose unicellular form that could not be placed 
elsewhere was described as a species of Pleurococcus (or Protococcus), 
otten without any evidence as to its detailed cell-structure or its mode 
o reproduction. There is little proof that unicellular non-palmelloid 
orms, endowed with the capacity of limitless vegetative division, occur 
tL? u u n terrestnal situations, and one may hazard a conjecture 
FnrtK ■ aqU “ IC “ S P ecies ” Of Pleurococcus belong to other genera. 
tn.r?r r ’ 11 * S P robabIe that the records of zoospores and gametes in the 
terreat " al species of the genus are due to confusion with Chloro- 
aUhZHtu.u TreboUXla ’ which often grow intermingled with Pleurococcus, 

It u ls u no P” ,na f ac * e reason why the latter should lack them. 

“ StlU Ratable whether there is more than one species of 

mrm ? ca ? of fre£ l uen t occurrence in terrestrial situations. The com- 

Sere 3 SOmewh *J lobed P arie < a l chloroplast without a pyrenoid; 

there is. however, possibly another similar alga in which a pyrenoid is 

((164^ a?o e eSs^.) t0 thC COmplex syoooyroy. see British Freshxoater Algae 
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present. Possibly the two are but different races of the same species. 
The writer is, however, of the opinion that the majority of the stages 
figured by ChodatUs) as P . vulgaris Menegh., as well as some shown by 
West ((162 a) p . 192) and others ((20) p. 585), belong to Trebouxia. The 
true P. vulgaris Menegh. appears to be a member of Prasiolaceae and 
possibly but a form of Prasiolai 17). 

The view that Pleurococcus is a reduced member of the Chaeto- 
phorales was first advanced by Chodat ((23) p. 616) and has been 
accepted by Oltmanns ((106) p. 304; cf. also (152)). In cell-structure 
it stands nearer to Chaetophoraceae than to Trentepohliaceae, and 
Iwanoffia y as well as Fntschiella (p. 253), shows that the former family 
has terrestrial tendencies (cf. also Pleurastrum among the Gongro- 
sireae). 

Printz(i22) includes in Pleurococcaceae a number of other genera 
which appear to have little else in common with Pleurococcus than that 
reproduction is effected solely by vegetative division. These forms 
( Elakatothrix, Coccomyxa, Pseudotetraspora , Dispora, etc.), in great part 
imperfectly known, are better regarded as Palmellaceae (cf. p. 128) 
that have acquired the power of vegetative division. If Pascher’s 
interpretation of the latter process is correct, moreover, vegetative 
division would not be as sharply distinct from that characteristic of 
Volvocales and Chlorococcales as has hitherto been supposed. 


THE STATUS OF THE CHAETOPHORALES 

The green filamentous types belonging to the Chaetophorales are the 
only algal forms to which we can look for a clue to the origin of the 
higher plants, since they exhibit in their heterotrichous habit the 
highest stage reached in the evolution of the plant-body among the 
Green Algae. This habit affords scope for the development of both 
prostrate and upright types. A form like Draparnaldia shows the 
beginnings of the differentiation of a main axis in the latter, with 
greater specialisation appearing in Draparnaldiopsis. Further, there 
are very marked terrestrial tendencies in the order, the Trente¬ 
pohliaceae comprising the most elaborate subaerial Algae that are 
known. The normally prostrate gametophyte and the erect radial 
sporophyte of the higher plants might well have originated from 
similar heterotrichous forms by the suppression of one or other 
system in either case(43.46). In this connection it may be noted that 
among the Trentepohlieae the asexual sporangia are usually borne on 
projecting threads, while the probable gametangia are commonly 
confined to the prostrate system, and that there is some evidence for 
the relegation of the two types of reproductive organs to distinct 
individuals which may possibly even be dimorphic (cf. p. 2 7 °) - 
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Unfortunately little is as yet known of the life-cycle of the Chaeto- 
phorales. It is established that reduction occurs in the zygote of 
Coleochaete scutata. Yet we may well ask whether all the members of 
this order are haploid or whether some have advanced to an homo¬ 
logous alternation, such as exists among the Ulvaceae and Clado- 
phoraceae. Reich’s data 0*4) as to the occurrence of reduction in the 
zygote of Stigeoclonium are altogether unconvincing. It is significant 
that the zygotes of the Chaetophoreae appear, in part at least, to show 
direct germination. It is also of some interest that Meyer ( 9S ) did not 
observe zoospores in his sexually reproducing plants of Chaetonema. 
An investigation of the life-cycle of the Chaetophoraceae, and 
especially of the Trentepohheae, is much to be desired, and in the 

ease of the latter it could probably nowhere be so well accomplished 
as in the Tropics. 


The following is an epitome of the classification of the order under- 
lying the previous account: 

1. Chaetophoraceae: 

(a) Chaetophoreae: Chaetophora, Drapamaldia, Draparnaldioosis 
Endoclomum, Fntschiella. Iwanoffia, Pilinia, Stigeoclonium. ’ 

pe S Di«wT Aphanochaete > Bolbocoleon, Chaetonema, Chae t o- 
Pr d ^o P T g,Um * Endoderm a, Gonatoblaste, Ochlochaete 

di S c£, T“lopW^ (Z:ira SeUdOPr,ngSheirm ‘‘' Pseudul - lla . Tricho-' 
a. < 7>fCwi a ««" >thamni0n - Raph,d ° nerna - Thamniochaete. 

J^ G °ZT' ae: C I hl0 L 0Cl . 0nium - Chlorotylium, Endophy.on, Gon- 
la=udodic^„Tsp<; r o^‘ Um - PleUraS,mm ' Pseu dcndoclonium, 
(h) Gomontieae: Gomontia, Tellamia. 

thaUus, Ph ^'—■ *■*- 

3 - Coleochaetaceae: Coleochaete. 

chaete^Olfg&chaetophora. Conochaete, Dicrano- 

5 - Pleurococcaceae: Pleurococcus. 
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Order VI. OEDOGONIALES 

The Oedogoniales are a sharply circumscribed group showing but 
few points of affinity with other Chlorophyceae. Whatever the 
ancestry, no intermediate forms appear to have lasted to the present 
day. Like the Conjugales they are essentially a freshwater group, 
playing a very important role nearly all the world over in the algal 
vegetation of smaller waters; the peculiar Oedocladium (fig. 91 F) 
is, however, mainly terrestrial. This genus, together with Oedogomum 
and Bulbochaete, constitute the sole family, Oedogoniaceae. 


VEGETATIVE STRUCTURE 

Oedogonium consists of long unbranched threads (fig. 91 E), generally 
free-floating in the mature condition, but attached by a specially 
differentiated basal cell when young ()fig. 91 D); in species inhabiting 
flowing water the basal attachment naturally persists! The cylindrical 
cells are sometimes slightly swollen at their upper ends! [Bulbochaete, 
on the other hand, is richly branched, the branches being unilateral 
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and those of successive axes arising on alternate sides. Each cell bears 
a long colourless hair with a bulbous base; the terminal cells have two 
such hairs (fig. 91 A). Bulbochaete is smaller than Oedogonium and 

Oedocladium&.iTa.n)' most of the species of 
which inhabit damp mud or sandy loam, consists of a branched 
creeping filament which bears colourless rhizoids, with a few septa 
on its lower side and erect, branched, green threads on its upper; 
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the rhizoids penetrate into the substratumVfig. 91 F). Lewis (cf. (29)) 
has described an aquatic species. ' 

\The cells in all cases contain a single, often large nucleus and an 
elaborate reticulate cylindrical chloroplast with narrow subparallel 
meshes and numerous scattered pyrenoids'\fig. 92 G). It may vary 
from a greatly attenuated network to an aknost entire cylinder, and 
there may be internal prolongations as in Cladophora . 1 The cell-wall 
is usually not conspicuously thickened and but scanty formation of 
mucilage occurs, except in Bulbochaete where the threads are often 
enveloped in mucilage which affords a home for Desmids, Diatoms, 
etc. According to Wisselingh (39) the cell-wall of Oedogonium consists 
of an inner cellulose layer and a surface investment (amyloid?). 

(^One of the outstanding characteristics of the Oedogoniaceae lies 
in the peculiar method of growth of the cell-wall. 2 Some time prior 
to the division of a cell of Oedogonium a transverse ring of thickening 
appears at the upper end, just beneath the septumjfig. 92 A, D, r); 
in optical section the fully developed ring (fig. 92 B, C) is seen to 
consist of a central portion and, adjoining the protoplast, of a firmer 
bounding layer which is intimately concrescent with the inner layer 
of the cell-wall above and below the ring and extends a short distance 
into it (fig. 92 C). According to Wisselingh (39) the ring consists of 
cellulose intermingled with another substance that readily swells in 
various reagents and according to Steinecke(3*) this is amyloid; 
cellulose is not present in the young ring and is most abundant in 
the firmer portion adjoining the protoplast. Wisselingh believes that 
the ring arises by intussusception. 

VNuclear division is followed by the formation, across the middle 
of the cell, of a septuny(/) 3 which, however, for some time remains 
unconnected with the longitudinal walls (fig. 92 D)./Soon after, the 
cell-membrane breaks across transversely at the levef-of the ring and 
the latter gradually becomes stretched (fig. 92 E) to form a new 
cylindrical piece, intercalated between the parts (cap (c) and sheath (r)) 
of the old wall (fig. 92 E, F); simultaneously the septum (/) becomes 
displaced upwards till it takes up a permanent position near the edge 
of the lower part of the ruptured wall. The upper of the two daughter- 
cells has a wall formed mainly from the stretched thickening nng» 
but at its top there is a slightly projecting “cap” (c) constituted > 
the small part of the original membrane left above the point o 

rupture; the lower cell is almost entirely encased in the sheath (s) 

1 According to unpublished observations of Dr N. Carter on an un- 
determined species of Oedogonium. 

2 See (1), (14), do), (26), ( 33 ), ( 37 ), ( 39 ). takes Place 

3 Smith ((29) p. 438) is of the opinion that no sepnun-foiroation 

at this stage, but merely a separation of the protop as 1 ' espec j a n y 

investigators, however, all speak of a definite cellu ose p 

( 33 ) p- 34 * 0 - 
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formed by the lower part of the old cell-membrane. “Cap-cells” 
usually divide repeatedly, exhibiting as many caps as there have been 
divisions (fig. 92 F, c), and the presence of such cells is a safe criterion 
for the recognition of a species of Oedogonium. In most cases (cf. 
however p. 301) the young plant derived from a zoospore divides 
after this manner from the first. 

^In Oedogonium growth is intercalary, cap-cells arising at variable 
intervals in the course of the threads, but in many species of Bulbo- 


chaete it is strictly basal and not more than one cap is generally formed 
on a cell(i4.26U in some of the species with elliptical oospores, how¬ 
ever, intercalary growth occurs as well.(_Jn the unicellular plant 
developed from a zoospore of Bulbochaete a small colourless hemi¬ 
spherical cell is cut off apically by an ordinary septum; the wall of 
this cell is ruptured and turned to one side like a lid while the contents, 
secreting a new membrane, grow out as the first hair (fig. 92 I). The 
cell below develops a thickening ring (r) at its upper end and divides 
as above described for Oedogonium ; the lower cell thus produced 
sooner or later forms a thickening ring (fig. 92 J) and divides, and 
thus a multicellular main axis originates in which the oldest cell is 
at the top and the youngest next to the basal celn 

Each cell, after its formation, grows out slightly at its apex towards 
one side or the other, and this protrusion is cut off as a colourless cell; 
its contents lengthen into a hair as in the one-celled germling, the 
ruptured wall forming an irregular sheath around the base (fig. 91 
A, B, 5). The terminal cell therefore bears two, the other cells one 
hair each. Each cell of a Bulbochaete thus has a plane base, whilst 
the uppe. end is composed of two sloping surfaces forming an obtuse 
angle with one another, the one bearing a hair, the other the next cell 
of the thread (cf. fig. 91 A). At more or less numerous points rings 
of thickening are formed below the septa which cut off the hairs 
(fig. 91 A, r') \ the ensuing division leads to the cutting off of a latera 
cell, the first one of a branch which likewise exhibits basal growth, 
'in Oedocladium growth of the erect threads is apical(31) (cf. fig. 93 
‘but there is a tendency for the caps to drop off after some time. 

The peculiar method of cell-enlargement thus found in all Uedo- 
goniaceae finds a slight parallel in the early growth of the young 
plants of some species of Microspora , but there are marked differences 
Steineckeoza) also compares it with that of Trentepohlia. Fre “ n . 
has investigated the growth of Oedogonium in relation to ex e 
conditions; a deficiency of nutritive salts leads to a cessation o 
division, the cells lengthening and becoming filled with reserves.. 
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\EGEIAI 1 VE AND ASEXUAL REPRODUCTION 

(Apart from the usual fragmentation, prolific reproduction takes place 

fro,n The or U^ ,nu t . ,f 4^ e ' late oospores, always produced sfngly 
ro ,n the ordinary cells. 1 ) According t„ .... . 8 - 


from rhl " b *«b*g«:uaie zoospores, always produced singh 

lc el„™,en d' ary to Gu **»a ( ,,.zoospore- 

carbon Sh^ , 8 °" ' 1>reSente of a certain amount of free 

iflinpiis 

zoospore slowly glides out (fig , r £\ \t thT 83Pe aparl> ,. 1 and the 
it is enyeloped by a delicate muTl . • l . 1C , . noment ot liberation 

soon vanishes?) According to Stei Jg ^'' es,cl ^ ( h g- 93 F» v), but this 
developing a the protoplast of the cell 

level of the future poTntTf r,Z 8 " u e,lher end * while at the 
converted into amyloid. Up UrC tbe ce H u lose-wall becomes 

anJSL^Tbif^ £ iJjrJrr T h T iCal ° r P—haped 

base of which the usually short flawll. ^ C °.° Ur,ess beak around the 
(<*»; cf. also p . •, .ir'sTT Accordin gt° Kretschmer 

granulesgivingorigiiVtheflagella (fiJ6 K pToT! hT "T ° f baSal 

Gussewaoi) describes a single ring-shaDed bl 3 K h, C m ° ca P ill <"* 

An eye-spot is, according to A Iain vo ! F. d b,c P haro Plast (hg. 93 I, J). 

is the anterior end of the zoospore that berT In most cases it 

stratum and that develops into rh Tcf . 0 . n ? es ad Pressed to the sub- 
by means of which a«XTn i s effect lobed ho,dfa «(o. 3 5.3S, 

of Oedogonium, however, the zoofncH 91 D) ' In some speefes 

the substratum and form 1 h' 00 *P ores . flat ten out laterally agains 
convex surface of ThiTh ™ b3Sal Ce,,<aS > from "he 

brane of the basal cell at its poimTf oriSn^"*’ the ^m- 

bke a lid (fig. 93 C ). * g,n bec °ming turned to one 

raw 


. . » — vv > more ce k - 

acquiring red-coloured contents akinete . "‘t 0,1 and « a «h and 

(fig- 93 B). Similar rows of akine es TrJ ^ ° ° ccasiona Hy occuraN 

subterranean rhizoids (fig. QI p a) , v ™ ore u ? ua,l >’ form ed on tht/ 

cells in some species of OeZgouium* HaS recorded resting 

s Hilda's* record(iV/'of 16 ^’ K^’ <34> ‘ 

parasite is to be CO s r u d spec t :i Slich '*** “ °P e " “> doubt, as the presence of a 



Fig. 93- Asexual reproduction ot akinetes from end of 

(after Stahl) ; A, young plant aming from zoospo , Schcrffe l) ( germhng 
an erect thread. ^Oed 0 gomur^esgns^^ m (after Him) stages » 

J H ' S^Swof^T S S>i-rless P area; r, rhizoid; .. young thread; 
v, vesicle. 
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SEXUAL REPRODUCTION 

(Sexual reproduction, which appears to take place readily in many 
'species of Oedogonium, thoughyiot so frequently in Bulbochaete, is of 
an advanced oogamous type. 1 / According to Mainx (un p. 500) it 
only sets in when the material has acquired a certain sexual tonus and 
the external conditions are suitable; of these the most important is 
a hydrogen-ion concentration on the alkaline side, generally somewhat 
lower than that which admits of an optimum vegetative development. 
Nitrogen-deficiency is also essential 02). 

VOogonia and antheridia are produced on the same plant in some 
( macrandrous ) species of Oedogonium, and Bulbochaete , as well as in 
most species ot Oedocladium <17 <j, 31 )^(ln Oedogonium Kurzii Spessard 
(30) finds that the antheridia appearaT day later than the oogonia so 
that cross-fertilisation is probable.KThe’ majority of the dioecious 
species exhibit a curious dimorphisih of the sexual plants (nannandrous 
species), the oogonia being produced in the ordinary threads, the 
antheridia in special “dwarf-males” consisting at the best of only a 
few cells It is now known that this habit is found also in a species of 

(These dwarf-males originate front a special type of swarmer called 
an androspore , produced singly within flat discoid cells (andro- 

°T^' repe3t , ed ,ranSVerSe division of ordinary 
cells (hg. 94 B). These androsporangia occur either in the same 

filaments as the oogonia or m distinct ones. The androspores are 

smaller than the zoospores and sometimes yellowish in colour^but 

othenvjse show the same characteristics (flg. 94 B). \t the end of 

or e on on rrSTl PCri ° d sel,le d “"" 

or on one of the adjacent cells and germinate to produce a minute 

plant which develops a rhizoid-like elongate attaching cell - and very 

soon proceeds to form one or more flat antheridia*fi«. 94 E 

attaching the 

in 

filed TS)(7he ,h n an b drOS P orangia and 

94 F m ’ ^° ugh superposed in the antheridia of the dwarf nv.l l 
(hg. 95 D); the production of only one spermatozoid is 
sperms are usually described as resemKIin! atozoid is rare/ 1 he 

yellowish zoospores (fig q<G) but in fW 8 . ,niat . ure P ale g r «en or 
* See (tw , g ‘ 9 ^^ ) ' buUn ° e dogonnon Kurzii Spessard oo) 

bee (i>, (14), (15-17), ( 2 6). 

- Only very rarely are there other v egetative cells ((. 4 ) p. ,*). 
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Fie. 04. Sexual reproduction of Oedogoniales. A, Oedogonium cyathigerum 
Wittr., with two oogonia and many unicellular dwarf-males on the supporting 
cell. B, O. Braimii Kiitz., liberation of androspores. C, O. nodulosum Wittr. 
var. commune Hirn, monoecious threads. D, O. zigzag Cl. \ar. ro us imi * 
the same. E, O. concatenatum, oogonium with dwarf-males F, G, O. Boson 
Wittr. ; F, antheridia with young spermatozo.ds; G spermatozoid. H, ^ 
cladium protonema, young antheridia. a antheridia; 

spermatozoid; su, supporting cell. (A, D after West; F, G after Klebahn, 
H after Stahl; the rest after Hirn.) 
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found that they showed signs of dorsiventrality, possessed contractile 

vacuoles, and exhibited a different type of movement. The sperma- 

tozoids are liberated m the same way as the zoospores and andro- 

spores (cf. fig. 94 BJ.M’he antheridia of the dwarf-males are either 

cut off by a simple septum or more commonly with the customary 

nng-formation, in which case the antheridium is covered by the cap 

94 h, c)) J r 

V. he oogonia in the vast majority of cases are prominently enlarged 
cells usually spherical or ellipsoidal in shape (figs. 94 A.C, 9S B) 

^ (Hg - 95 1) they are fonned by a 

of fhe d ,r S L 0n ° a Ca P- Cel 3 thc u PP cr segment during the stretching 
the thickening ring undergoing more or less distension to form 

'7/ is Oftenmth ,e und 5 rl >’ ,ng shealh ' cel1 . known as the supporting 
further • P °° r *? contents * but may in some species undergo 

,n h ; «r 

(%oTc d ;; 

short cylindrical piece of the sheath and ahox S”**? * S / ormcd b y a 
thickening ring which is becoming L.gedt0^0 Stret ? hed 

A second ring then develons in »i, . ? * to form the oogonium, 

oogonium, followed by a transverse " led,a " T ^ e '° n of lhe young 
the septum formed in connec don h ' T" « ,hls Po»t; 

level with the top of the first-fZmd ^hl K d,Vision « 

Cc,,s 95 D. /, 2) are included in^Taaer'Thf* SU P portin K 
mem is responsible for the fact that the wall of Vf, CUn °“ S deve,op - 
ooRon, um can nearly always be seen to consistoVt^e^^B)^ 

otporrp^; h :;~ C ex»nbhs°a f0rn V Sin8 i e0VUm Which * 
receptive spot (fig. 95 G r) Excent l a ~ Well ' marked colourless 
of Oedogonium the^oogonia op^ b V'smaH "“"T ° f ,he S P«- 

gelatin,sat,on of the tip of a papilla (ri „ P°ff fo ™«d by the 

however, opening is not uncommonly effected bh !“ 0 edo S onium • 
in the wall (26), while a thin membrane .if ■ tran sverse split 
°. f the la «cr forms a definhe^!^ the inner ^ 

circular aperture leading down to the ovunnTt a"‘ “ T" ° r ' eSS 

internal membrane is formed in all cases S ap ,. pCars ,ha ' such 

teaas St 

and ^pTr^ B 




F*g* 95* Sexual reproduction of Oedogonialcs. A, B, Bulbochaete gigantea 
Pringsh. C\ D, B. Brebissonii Kutz., two stages in development of oogonium. 
E-G, Oedogonium Boscii ; E. fertilised oogonium with supernumerary 
spermatozoid; F, mature oogonium; G, part of same enlarged. » » 

O. Kurzii Zeller, successive stages in fertilisation. I, Oedocladium protonem , 
thread with oogonium. J, Oedogonium pluviale Nordst., germmating oospore; 
K-M, Oedogonium sp.. germination of oospore; K, normal |jeirm nat . 

L, abnormal germination, with production of a single arge i ^ 

M, liberation of swarmer from one member of a normal • * £ d s . 

of oogonium; d, dwarf-male; m, inner membrane of oogonium, n nucleus 

o. oogonium ; r. receptive spot; r. spermatozoid; si snuc, ag^ (A B a£r 

Tiffany ; E-G after Klebahn; F', H after Spessard; I after Stahl, j 
Juranyi; K-M after Mainx; the rest after Him.) 
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mucilage from the mature ovum has been observed (cf. fig. 95 G, si). 
The process of fertilisation (fig. 95 F', H) has been studied by 
Spessard. 

The oospores develop a thick, usually three-layered membrane and 
the contents often assume a red colour; in some cases they appear to 
be able to germinate directly, but in others<i2,2i) a prolonged resting 
period is necessary. Mainx, moreover, found that optimum germina¬ 
tion only occurs if the oospores have been subjected to frost. At the 
commencement of germination 1 the oospores lose their pronounced 
red colour and soon after the contents divide into four parts. It 
appears that in some species this division takes place within the still 
intact zygote-membrane, whilst in others the naked contents of the 
zygote are liberated into a vesicle and there divide; in the former case 
the products of division are likewise set free and remain for a time 
enveloped by a bladder (fig. 95 J). Ordinarily the naked protoplasts 
soon develop flagella and escape as swarmers through a definite 
aperture formed in the enveloping vesicle, but under certain con¬ 
ditions aplanospore-formation takes place; these aplanospores are set 
free by gelatinisation of the enveloping vesicle (fig. 95 K) and, after 
some days, liberate swarmers (fig. 95 M) ((2.) p. 509). The swarmers 
in all cases give rise to new plants. 

Gussewaoa) has shown that reduction occurs during the germina¬ 
tion of the zygote in the case of Oedogonium capillare (cf. fig. 93 H) so 
that theOedogoniaceae are haploid,as had long been taken for granted, 
borne of the lour nuclei may degenerate, in which case less than four 
swarmers result. Mainx has established in the case of O />/<,»,o- 
stomum var . gracilius that two of the swarmers give rise to male and 
two to female plants, and no doubt this will be found to be general 

,J^H hen T n x5 iS ’ recorded alread >’ by earlier investigators, is 
III, - d th g Ma,nx(2,) . not uncommon; in O. capillare in such 

h ! 00g0n,; ; deve, °P no aperturefia). Of special interest are 
those instances, observed by Mainx ((2.) p. 516), in which the zygotes 

^ive nse to a single, presumably diploid swarmer (fig. 95 L) of farge 

swarmers develop into threads of twice the nonml 
width which are always female, though their oogonia are much flatter 
than those of normal female threads and, moreover," e formed in 

hafrhT’ "1 b °i! h reS P ects calling the antheridia. Mainx suggests 

of th e m ^ 

tnploid zygotes is unknown. presumably 

; Sce <■♦), <«»>. <<s>, (2.), (26). 

Cf. the analogous cases among Volvocales discussed on p. , , 9 . 
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THE STATUS OF THE OEDOGONIALES 

Among many peculiarities the most striking feature of the Oedo- 
goniales are no doubt the dwarf-males. In several dioecious macran- 
drous species of Oedogonium the male threads are narrower than the 
female, and there is an occasional tendency for the young plants of 
this genus arising from zoospores to develop antheridia precociously 
(9.35). Such cases may indicate the way in which this habit has arisen. 
I he androspores have, however, also been regarded as prematurely 
liberated sperm mother-cells ((23) p. 340, (27)) and, in the case of 
O. diplandrum (15) where the dwarf-males are unicellular, their 
division would only be deferred by the intervening swarming period. 
The great similarity between the androsporangia and the antheridia 
lends some further support to this view (cf. also (29) p. 445). 

Pascher(24) has, however, pointed out the close analogy between the 
dwarf-males and the dwarf individuals produced by swarmers inter¬ 
mediate between the normal types in the Chaetophoreae. He suggests 
that the species possessing such dwarf-males are to be regarded as the 
more primitive, since they have three types of swarmers of which the 
intermediate ones, representing zoospores which have lost the full 
power of vegetative development, in this case give rise to dwarf 
individuals producing male cells. In the course of further development 
the protoplast of the androsporangium became sexually modified in 
such a way that it acquired the capacity of producing male cells directly. 
The macrandrous species on this view are to be looked upon as more 
specialised than the nannandrous ones. On the whole the view that 
regards the androspores as prematurely liberated sperm mother-cells 
appears to have most to commend it (cf. also («8» p. 119). 


Bohlin ((3) p. 35) first applied the designation Stephanokontae to 
the Oedogoniales, implying a distinct origin for this order from a 
flagellate stock having a crown of flagella, although he included the 
order as a subdivision of Chlorophyceae. Blackman and TansleyU), 
however, raised the Stephanokontae to the rank of a separate class, 
and this has been followed by many subsequent authors. A separation 
of the Oedogoniales from the rest of the Green Algae must, however, 
obscure the essential principles underlying the present-day concept 
of algal evolution, since in the pigmentation of their chloroplasts, in 
the possession of pyrenoids with a starch-sheath, in the storage of 
starch, and the chemical nature of their membranes they are altogether 
of the same type as other Green Algae do). Nor do they stand more 
isolated from the bulk of the latter than do many recognised families 


of this class (e.g. Coleochaetaceae). 

Even if such special characteristics as the dwarf-males and the 
peculiar mode of growth of the cell-wall be left on one side, the 
Oedogoniales present few points of contact with other filamentous 
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Chlorophyceae. The large zoospores, the elaborate chloroplast, and 
the complex female organs are almost as peculiar and, although some 
authorities have compared the Oedogoniales with Cylindrocapsa , the 
resemblances on closer scrutiny appear superficial. Pascher((24) 
p. 277) sees some relationship to Chaetophorales in the ring-shaped 
chloroplast, in the production of hairs, 1 in the branched threads of 
two of the genera, and in the dwarf-males (cf. above). To these points 
of contact we may add the heterotrichous habit of Oedocladium and 
certain resemblances in the mode of growth of the cell-wall in species 
of Trentepohlia with divergent strata. These various resemblances 
may imply an origin of Oedogoniales from a common ancestry with 
Chaetophorales. 
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Order VII. CONJUGALES 

The Conjugales are a well-defined group and very little experience 
is necessary' to recognise one of its members, characterised as they 
are by the usual marked symmetry of the cell and an elaboration of 
the chloroplasts unparalleled in any other series of Green Algae. In 
the vast majority of cases the chloroplasts are axile, and it is probable 
that this in all cases represents the original condition. Apart from 
these features which distinguish the vegetative phases, the Conjugales 
are further distinguished by the complete absence of motile re¬ 
productive elements and by the occurrence of a special type of 
sexual process in which a fusion of amoeboid gametes is involved and 
which is usually spoken of as conjugation. In the vast majority of 
cases the gametes are the undivided protoplasts of ordinary vegetative 
cells. Otherwise reproduction is effected only' by cell-division. There 
are no truly marine forms. 

Included in the order are two somewhat different types, viz. the 
Zygnemoideae in which the vegetative body' consists of an unbranched 
filament, and the Desmids in which the habit is prevalently uni¬ 
cellular. The latter, however, comprise two series of forms whose 
relation to one another is by' no means clear (108,109,185). In the one 
series, the Saccoderm Desmids ( Mesotaenium , Cylindrocystis, Sptro- 
taenia, etc., cf. fig. 96), the cell-wall is composed of a single piece, is 
devoid of pores, and is usually (not in Sptrotaenia) readily soluble in 
ammoniated copper oxide. In the Placoderm Desmids, on the other 
hand, the cell-wall consists of two (rarely more) pieces, is generally 
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traversed by pores, and is differentiated into two layers of which the 
outer is little soluble in ammoniated copper oxide. There are other 
differences between these two groups of Desmids which are not so 
s arplv defined. Thus, in the Saccodermae the chloroplasts are 
usually of a less elaborate type than in the Placodermae, and there is 

*t" d r T y f °/ tbe W* on germination to give rise to four individuals 
rather than to the two customarv in the Placodermae 

7vl air V° Se 3ffinity between the Saccoderm Desmids and the 
Zxgnemoideae is apparent, but the relation of the highly specialised 
Placodermae to the others is by no means evident. There is no in 
duration of how the complex wall-structure of the latter has been 

otTeVtwo’/ro C P ° SS ‘ b,lity ° f an ori g in dis ‘inct from that of the 

undonhi^ 8 PS M USt bC env,sa g ed - 0n e cannot feel sure that the 
H ffi d u , t d resemblances are not due to homoplasv. It is therefore 
difficult to endorse the views, either of West (insi n , \ 

by grouping the Saccoderm n nnjngales is probably obtained 

by Pascher c f. also 32 )! “ been ad ° pted 


Suborder I. EUCONJUGA TAE 

The .™ E “ N,OIDEAE < SAC CO DE RM DESMIDS, 

ceae, •>* Mesotaenia- 

primitively unicellular- the Drincinnl lmpIe and wh » ch are probably 

96 A,.4, (fig. 96 ^ 

9 6 C, D), and Netrium (fi e Q 6 ai 8 '• ?'• S P ,rot <*ema (fig. 

skidldii {q, ,23) are the individuals An fylonema Nor den- 

cells are commonly rod-shaped or nhl f ° rm . Short threads - The 
constriction, such as occurs so commonT 8 "^ thout a median 
the cross-section is invariably circular ‘Th ^ Des k mids P ro P cr ; 
composed of a single piece and there U T? smooth cell-wall is 
of the presence of% 0 P res nor i .h're ZH'™’ “ ireCt ° r 

a STJKt 
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septum arises as an annular ingrowth from the longitudinal walls and, 
by the subsequent dissolution of the middle lamella, the two daughter- 
cells separate from one another. A detailed study of this division has 
been made in Cylindrocystis by Kauffmann (83). According to him a 
great elongation of chloroplast and pyrenoid in each half of the cell 
precedes the division of the nucleus’(fig. 96 H, I), and, while the 
latter process is proceeding, each pyrenoid and chloroplast gradually 
divides into two, so that the two pairs of chloroplasts of the daughter- 
cells are formed before the separating septum is produced (tig. 96 J). 
According to West growth of the daughter-cells takes place at the 
newly formed pole ((179) p. 363), but this requires further investigation. 

Several of the species of Mesotaenium and Cylindrocystis , inhabiting 
terrestrial substrata, exhibit large numbers of individuals within a 
common mucilage-envelope which not uncommonly shows distinct 
strata representing the gelatinised outer layers of the membranes of 
successive generations (rtg.y, G). PuymalytuO has drawn attention 
to the fact that, m Cylindrocystis eras so, division takes place in two 
or three successive planes at right angles to one another (fig. 96 K). 

his marks a more primitive condition than that encountered in 
Placoderm Desnuds where division always takes place in the trans¬ 
verse plane only, and the question of its occurrence in other Meso- 
taemaceae is worthy of investigation. 

I he genera of this family present us with the three types of 

a' k dlTc'‘ S w,>h"' rC Um ' in , 1 hl ' cells ° f Zysncnoidcac. viz a Hat 

ATltrf.r ° r S . CV T! P>Te,,oids in Unotamium (fig. yh 

A, G), a pair of stellate axile chloroplasts each with a massive central 

twisting to the left with irregularly scattered pvrenoids in seven! 

mm&m 

those of some species of r/ ,/* •" *°? e te ? show R rca « similarity to 

- -a„ “r;: Rl r axik ■ " ior "' ,ijs ' *•* 

aithoagH i„ „, dcr cells the 
* trimdialc (cf. fi K . 96 

cannot at plSse^^^^fiSuely atiiweTto"° bliqUC division - 
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The cells in all cases contain a single central nucleus, which in 
Mesotaenium is adpressed to the chloroplast, while in Roy a it is 
lodged in a small bay in the latter. 

Sexual reproduction is of frequent occurrence in species of 
Cylindrocystis and Mesotaenium and is recorded in all genera except 
Ancylonema. In the first two genera (6.83,109) the conjugating cells, 
with their long axes parallel or at right angles to one another and 
usually embedded in mucilage, become joined by conjugation pro¬ 
cesses which meet end to end (fig. 97 A). In the case of Netrium 
Pothoff ((136) p. 668) finds that the processes arise at the point of 
contact of two apposed individuals which are gradually pushed apart 
as the processes lengthen (fig. 97 J); this, the usual method of con¬ 
jugation in Zygnemoideae (p. 324), is likely to be of general occurrence 
in those Mesotaeniaceae that form a conjugation tube. By solution 
of the separating wall between the processes the conjugation canal is 
established and within this the contracted protoplasts meet and fuse; 
at the same time, in Cylindrocystis and Mesotaenium , a marked 
widening of the canal takes place, so that it is no longer sharply 
defined from the membranes of the conjugating cells (fig. 97 B). The 
zygote develops a thick several-layered wall and remains for a time 
at least surrounded by the joined membranes of the two gametes 
(fig. 97 C, K). The sexual process is altogether isogamous. According 
to Kauffmann(83) the nuclei in Cylindrocystis fuse soon after the 
protoplasts have amalgamated (fig. 97 D, E), but Pothoff(i36) states 
that in other members of the family fusion only occurs after the 
resting period (cf. fig. 97 K). 

In certain species of Spirotaenia (e.g. S. condensata(i)) the contents 
of the conjugating individuals divide into two prior to fusion (fig. 
97 M), this being accompanied by a gradual gelatinisation of the wall 
until the four protoplasts are embedded in a common mass of 
structureless mucilage. Subsequently the corresponding half proto¬ 
plasts fuse with the production of a pair of zygospores (fig. 97 N-P). 
Such double zygospores have also been recorded as an exception in 
Cylindrocystis Brebissoniiu.iis). No conjugation canals are formed 
in this case. 

Two successive nuclear divisions, of which the first is the reduction 
division (83), occur in the germination of the zygospore after the usual 
resting period (fig. 97 F, G). It would appear to be the rule in the 
Mesotaeniaceae that four new individuals are constituted around 
these four nuclei (fig. 97 H, I), although only two are occasionally 
formed in Spirotaenia ((83) p. 765) and Mesotaenium (178). In Cylindro¬ 
cystis the four chloroplasts of the gametes persist and are distributed 
to the offspring, but in Spirotaenia, according to Pothoff(«36), one of 
the two chloroplasts disintegrates during the resting period. The new 
individuals are liberated by rupture of the zygospore membrane 
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(fig- 97 I); A etrium ((136) p. 669) shows a closer approach to the true 
Desmids in producing only two new individuals (fig. 97 L), although 
four nuclei are formed in the zygote in the usual way. 

Many of the Mesotaeniaceae occur in upland pools and peat bogs. 
As already mentioned, species of yiesotaemum and Cylindrocystis are 
not uncommon in terrestrial situations; two of these (Af. purpureum, 
M. violascens) have purple-coloured cells due to the presence of 
phycoporphyrin in the sap. The same feature is seen in Ancylonema 
\0rdensk16ld11 which is a characteristic member of snow-floras (9). 
Mesotaenium caldariorum is able to utilise organic nutriment (38). 


(b) THE ZYGNEMOIDEAE 
Vegetative Structure 

The Zygnemoideae comprise a number of the commonest filamentous 
freshwater Algae, all of them normally unbranched, although in 
Zygnema and Mougeotia (fig. 98 K) short fcw-celled laterals are very 
occasionally observed <129.184). The Zygnemoideae favour more par¬ 
ticularly smaller stagnant pieces of water, but a few are found attached 
in the littoral zone of lakes (Spirogyra adnata , etc.) and in flowing 
water. They appear to be essentially autotrophic (38). 1 They are 
specially abundant in the spring months, generally occurring as bright 
green free-floating masses, but some kind of attaching organ is 
present in young stages in several genera. These attaching cells, 
especially in forms growing in moving water, may often be branched 
or elaborately lobed 2 (fig. 98 I, N, O). Otherwise there is no dif¬ 
ferentiation among the cylindrical cells. Planktonic species of 
Mougeotia often have twisted or spirally coiled threads(187). A small 
number of species are adapted to a terrestrial mode of lifed 4 o), and 
of these Zygogonium eric e tor urn is*) is very widely distributed. Only 
very rarely are members of this series found in saline waters<78a). 

The ch'loroplasts are essentially of the same three types as were 
noted in the Mesotaeniaceae, viz. a flat axile plate with several 
pyrenoids ( Mougeotia , fig. 98 A, B; Debarya\ Gonatonema , etc.), 
a pair of axile stellate chloroplasts each with a large central pvrenoid 
and often showing peripheral enlargement of the radiating processes 
{Zygnema, fig. 98 C, J; Pyxispora), or one or more parietal spiral 
bands twisting to the left {Genicularia, fig. 98 M) or right {Spirogyra, 
fig. 98 H; Sirogonium)-, in one species of Debarya pyrenoids are 
sometimes lacking(128). The more complex type of A 7 etrium and Roya 
is not represented in this series. 

1 The older work (cf. (14))'cannot be regarded as reliable in the light of 
modern investigation. 

2 See (15), (45), ( 47 ), (79), (129). 
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The chloroplasts of Spirogyra are either narrow with a smooth margin 
and a regular axile series of pyrenoids or broad with serrated margins 
and scattered pyrenoids, the two conditions probably representing 
merely different states dependent on nutritive conditions. In well- 
nourished cells they may become much dilated with accumulated 
starch, and under such circumstances may occupy the greater part of 
the periphery of the protoplast. On the other hand, under conditions 
of starvation they become much attenuated(23.42). Similarly, the 
chloroplasts of Zygnema may at times draw in their processes, while 
those of Mougeotia appear merely as a thin strand occupying a small 
part of the cell. The bands of Spirogyra are often provided with an 
internal ridge (so that they are T-shaped in cross-section), while in 
other cases they are more gutter-shaped with the concave surface 
outwards. In rare cases they may be branched ((82), (148) p. 171). The 
pyrenoids usually project markedly on the inner surface. 

Kolkwitz(gi) showed that the chloroplasts of Spirogyra elongate both 
by apical and intercalary growth, the latter conditioning the separation 
of recently divided pyrenoids. According to Czurda ((+2) p. 9; cf. also 
(132)), however, the majority of the pyrenoids in Spirogyra and Mougeotia 
arise de novo during active cell-division. In Sirogonium (fig. 103 B) 
and a few species of Spirogyra the bands run almost longitudinally. 
.The chloroplasts of Mougeotia ordinarily present their surface to the 
light, but on exposure to strong sunlight rotation to the profile position 
occurs in about thirty minutes (cf. fig. 98 A, B, and (97), (157) p. 26, (160)). 

Chloroplasts of a special type are met with in Zygogonium (56,181). 1 
Here the cells contain but a single axile chloroplast which is deeply 
constricted and sometimes twisted at the middle, with one pyrenoid 
in each of the irregular lobes (fig. 98 L); the chloroplast divides into 
two just prior to cell-division. 

The cell-sap is often rich in tannins and upon this depends the use 
of species of Spirogyra in diverse permeability experiments. In Zygo¬ 
gonium ericetorum the s'p is coloured violet or purple by phyco- 
porphyrin(9S.««4); the p irple colour is usually not apparent in shaded 
situations, but rapidly develops on exposure to stronger light(s0>- 
Streaming movements of the cytoplasm are not uncommonly seen in 
Spirogyra. Palla(i2 7 ) first drew attention to the frequent occurrence in 
the cells of diverse genera (also among Desmids) of small bodies 
(caryoids, fig. 98 A, B, k), regarded as proteins, whose exact nature and 
function is not yet ascertained (cf. also (44)). 

The single nucleus is always situated in the middle of the cell, 
being apposed to one side of the chloroplast in Mougeotia (fig. 98 
A, B, n) and Debarya and lying between the two chloroplasts in 
Zygnema (fig. 98 C, J, n). That of Spirogyra (27.40) is in the narrow 
forms angular in shape, the corners being in direct contact with the 

‘ Lagerheim’s Pleurodiscus(, 95) is probably but a form of this species 
(cf. (158)). 
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adjacent pyrenoids (fig. 98 D), while in the broader forms it is 
lenticular or flatly cylindrical and suspended by cytoplasmic threads 
within the central vacuole (fig. 98 E). The nuclei of the latter type 
usually present their edge to the observer. The detailed structure and 
division of the nucleus of Spirogyra have formed the subject of 
frequent study, 1 and the majority of workers have concluded that the 
nucleolus contains the bulk of the chromatin. Geitler(6 4 ), however, 
using paracarmine as a stain followed by mounting in Venetian 
turpentine, showed that at a time when the chromosomes are fully 
differentiated the nucleolus still persists in an unaltered form (cf. 
fig. 10 C, p. 70). The nucleus of Zygnema( S D appears to have a clear 
chromatin reticulum. 


The spindles seem to be intranucleardjj). According to Conard(2 7 ) 
Spirogyra majuscula forms a double spindle, of which only the inner 
arises from the caryolymph. In S. mirabilis Peterschilka(i 33 ) describes 
an amitotic nuclear division. In some species of Spirogyra the nuclei 
contain one or two small stainable bodies (fig. 98 D, 6) of unknown 
function, apart from the large nucleolus< 35 >; these bodies disappear at 
the end of the metaphase, to reappear in the telophase. A few workers 

have reported centrosomes at the spindle poles in some of the larger 
species (167. 188). 

The cell-wall is composed of a single piece in most Zygnemoideae 
and is usually moderately thin. The outermost layer is constituted by 
an often well-defined cuticle which stains yellow with chlor-zinc-iodide 
whilst the rest of the wall gives cellulose-reactions. There is generally 
a more or less conspicuous, external pectose mucilage-sheath to which 
the members of this group owe their slimy feeling. In some few cases 
in the living alga, but more usually after treatment with appropriate 
stains (e.g. methyl violet), a fibrillar structure of the mucous envelope 
(perpendicular to the surface, fig. 98 F) can be detected ((86) p. 
Although this suggests an excretion of mucilage through pores in the 

tTwhi^ rTK h r n0t 33 yCt beCn dtmo " str ^. The minute rods 
to which the fibrillar appearance is due are arranged in a reticulate 

freeHn r 'f fr ° m the SUrfaCe (fig ‘ 98 G >* The comparative 
freedom from epiphytes which is characteristic of the Zygnemoideae 

it has 3 i y a K Cnbed t0 the P resence of the mucilage-envelope, although 

“ ba m S ° K Cen th3t U iS dUC t0 continu °us surface-growth 

of the membrane which does not admit of a firm hold (2.); other factors 

monly Znd e o pla y (c f- ( * 47 >)- Epiphytes are not uncom- 

t^e trLcf conjugating threads when, according to Tiffany (,«>„, 

the transformation of pectose into water-soluble pectin ceases. * 

eJrlT 8 U OWth °f the t t reads is never in an y wa y localised, any and 
ery cell, apart from the attaching cell when present, being capable 
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of enlargement and division. The division of the nucleus is followed 
immediately by the development of a septum whose mode of forma¬ 
tion has been studied especially in Spirogyra (d 6 S) pp. 171, 349; cf. 
also (29)). As the daughter-nuclei are constituted, the fibres of the 
spindle commence to fuse with one another and at the same time to 
bulge outwards towards the longitudinal walls, where they meet and 
fuse with an annular projection of the cytoplasm resulting from a 
local accumulation in the peripheral layer. Within this cytoplasmic 
projection, in the neighbourhood of the longitudinal wall, a delicate 
membrane is suddenly formed, the inner edge of which, covered in 
by cytoplasm, gradually grows until the cell-cavity is bridged across 
(fig- 99 A). The chloroplasts are simply cut in two by this septum. 
In Zygnema and Mougeotia division of the chloroplasts usually pre¬ 
cedes that of the protoplast. The daughter-cells subsequently deposit 
secondary thickening layers of cellulose which are proper to the 
individual cells. 

By brief exposure to temperatures below the freezing-point or by 
the addition of small quantities of anaesthetics to the water the division- 
process takes place abnormally, with the result that cells with two nuclei 
and others without a nucleus are obtained. A discussion of these matters 
and of the conclusions drawn from them is, howevei, beyond the scope 
of this book (cf. (65), (66), (121), (193), (194)). 


Fragmentation of the Threads 

In most genera dissociation of the filaments into short lengths or 
even into separate cells readily occurs, a feature which is specially 
pronounced in the Gonatozygaceae. The mature transverse walls 
frequently show a more or less complex structure which is related to 
this fragmentation and was first studied by Benecke(7). In Mougeotia 
the septa at an early stage split into two circular discs which, according 
to Lloyd ((100) p. 277), are separated by gelatinous substance. I he two 
parts of the septum frequently bulge apart, so that the latter appears 
biconvex (figs. 98 A, 99 B), and in this condition, as long as the cells 
are turgid, the intervening mucilage is compressed. \N hen, however, 
theturgorof acell diminishes,the septum becomes bulged into itbythe 
higher pressure in the adjacent cell (fig. 99 C) and the simultaneous 
dilation of the mucilage increases the curvature. As a result of these 
happenings a shearing strain is exerted on the common longitudinal 
wall of the two cells which leads to rupture (cf. fig. 99 C). 1 he same 

may occur in some species of Spirogyra. .. 

In other, relatively narrow species of this genus the middle lamella 
of the septum develops on either side a cylindrical ring-like ingrowth 
(resembling a collar) over which the subsequent apposition-layers are 
deposited (fig. 99 D, F); such septa are described as replicated). By 
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the dissolution of the middle lamella the cells are again left connected 
only by their longitudinal walls. The ingrowth usually becomes 
evaginated after the cells have broken apart (fig. 99 E), so that the 
detached cell has a characteristic rounded extremity. Rupture is again 
no doubt largely due to alteration in the turgor of a cell leading to the 
development of shearing strains. Species of Spirogyra with replicate 
end-walls usually fragment more readily than those with plane 
septa, but the exact purpose of the replication is scarcely yet clear. 

A different method of cell-disjunction occurs m some of the larger, 
more thick-walled species of Spirogyra, such as S. nitida; this method 
was first described by Strasburger (067a) p. 57) in S. orthospira. 
According to Lloyd ((100) p. 279) the walls in such cases consist near 
the septa of short H-pieces (cf. also (165), (202)) which are specially ob¬ 
vious in 5 . colligata Hodgetts (75) (fig. 99 H), but stand out distinctly also 
in other species after treatment with sulphuric acid or zinc chloride 
(fig. 99 K). It is, however, at present not clear whether the H-structure 
is normally present in the wall or whether it arises only in relation to 
disjunction. The process of disjunction commences with local hydrolysis 
of the longitudinal walls along a circular transverse line coinciding with 
the ends of an H-piece (fig. 99 H, K). The process of solution first leads 
to a disappearance of the mucilage-layer and then gradually extends 
into the wall, until the innermost layer investing the protoplast is 
reached, after which it spreads round the end of the cell, thus setting 
free the innermost layer from the middle lamella of the septum. As the 
layer around the protoplast becomes free it is distended by the turgor 
of the cell and ultimately the end rounds off, causing it to slip from the 
H-piece (fig. 99 I, N). The free end often has an exceedingly thin 
cellulose-membrane devoid of mucilage, but this very soon appears. 
The H-pieces described by SteineckeOf>3. 165) in Zygogonium ericetorum 
are probably merely formed by the rupture of the outer layers of the 
membrane of germinating thick-walled akinetes, a condition com¬ 
parable to that seen in Binuclearia for instance (p. 206). 

In Debarya desmidioidesu 84), where there are constrictions between 
the cells of the filaments (fig. 99 J), the latter dissociate with great ease 
into the individual cells, conjugation always occurring in this con¬ 
dition. Much the same is the case in Gonatozygon and Gemculana. 


The Process of Conjugation 

Most Zygnemoideae conjugate readily, the process occurring more 
frequently in low-lying areas than in upland districts In north 
temperate regions it ensues mainly between February an June 3 «. s 9 • 
As in so many other cases nitrogen-deficiency appears to be an 
important conditioning factor^. Czurda however tototo* 
conjugation does not take place until the climax of vegetative actmty 
is passed (cf. p. 49), " hen an increase in the pH conditions its occur 
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rence. Conjugation usually occurs between two filaments which 
become ranged parallel to one another, although cases in which from 
three to six or more are involved are occasionally observed ((16), 
(30), (184) p. 42). The juxtaposition of the threads is brought about 
by slow movements which have been specially studied in Spirogvrm- 7), 
although the mechanism is scarcely clear. 

Oltmanns (Ozs) p. 96) suggests that the movement is related to the 
secretion of mucilage and that it probably occurs only in contact with 
a firm substratum. Langer(g6) finds that isolated threads exhibit no 
change of position, which is only observed when the filaments are 
crowded. Movement is not limited to the period of conjugation, but 
occurs also during active vegetative growth. At such times the 
movements have been regarded as resulting from differences in rate 
of growth, but Langer could find no evidence for this. According 
to him the movements are more rapid in darkness; their direction is 

not determined by light, although gravitational stimuli seem to come 
into play. 

(a) ZYGNEMACEAE 


The process of conjugation has been studied by many different 
observers, but it is only within the last decade that the true course of 
events has been established (37. 40. 73. 89,99.101.104.146,14s). 1 At present 
a detailed study has been undertaken only of the genus Spirooyra 
but it cannot be doubted that other Zygnemoideae will fall more or 
less into line. It is recently divided cells that conjugate ((37) p. 4 r 0 
dot) p. 76), such cells being therefore commonly shorter than the 
vegetative ones. At the commencement of conjugation the threads 
become intimately glued together by mucilage (fig. 100 A). 

Such agglutination may, however, also occur without conjugation 

loc? of threads of both Spirogyra and Mougeotia commonly exhibit 
local adhesions and at these points there are usually prominent knee- 
shaped bendings or gemculations in the threads (fig. 99 M 0 ) 

disc°iike n old'of" 1 'T kerS(37 ' ,0, - ,02 > Such adhesions are due to a' thin 
visihl^n Vf d f " lucl ‘ a « ,n ° us material (fig. 99 O, often readily 

gyra ^ Thi^sTrm^k'h 0118 8 , enera,ly di , fficuIt of recognition in Spiro - 
gyra. 1 his s formed by an alteration of the outer superficial zone of 

the cell-wall although it is possible that in some cases only the mucilage 

aggknination of^he th" “T " if 39 " N ° doubt JuxCsTt^nand 
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-■^ ter juxtaposition of the_ threads the next step in conjugation is 
the putting out of papillae from one of each pair of opposite cells 
(fig. ioo B, D). According to Saunders(146) these first formed 
papillae usually all arise on one filament of a pair (cf. fig. 100 D-G), 
but this may be either the male or the female filament; in some few 
cases the first papillae appear indifferently on the cells of either thread. 
Subsequently, papillae usually arise from opposite and corresponding 
points on the other filament, so that the two papillae are in contact 
from the first moment of their formation and, as they elongate to form 
the conjugation processes (fig. 100 C), the two threads gradually 
become pushed apart. The first to recognise this fact was Chodatuo) 
in discussing the conjugation of a Mougeotia (cf. also (»«) p. 45). 

According to Lloyd ((102) p. 49) the ends of the processes are com¬ 
posed of the inner parts of the wall only, the outer layers becoming 
softened and pushed aside. The conjugation process produced by the 
female cell is usually thicker and shorter than that formed by the male 
(cf. fig. 100 C), and in some species only the male cell develops a process 
which forms the entire conjugation canal (U°) p. 255, (»q) p. 29). The 
processes have been compared to the rhizoids commonly formed in 
Zygnemoideae, both of which probably result from a contact stimulus 
((20), (37) p. 455, (162)). Kniep ((89) p. 30) and others, however, believe 
that the development of the conjugation-processes is essentially due to 
a chemical stimulus. Especially in species of Zygnema, where the 
threads often have a well-developed mucilage-sheath, the actual cells 
may remain rather widely separated after approximation so that the 
papillae do not arise in contact, but grow towards each other through 
the intervening mucilage (fig. 101 B) after the manner formerly 
assumed to represent the normal method of conjugation in Zygnema- 
ceae. 

As soon as conjugation sets in the cells of the two threads accumu¬ 
late abundant starch (cf. also (76a), (200)), although this subsequently 
disappears again from those not involved in conjugation; according 
to Lloyd (99) mucilage-globules also appear. During the early stages 
of conjugation the osmotic pressure of the sap sinks considerably (87), 
more in the male than in the female cells, which is presumably due 
to a decrease in osmotically active substances, possibly to the con¬ 
version of sugars into starch. The permeability is lowered and, as 
Weber (177) first showed, there is an increase in the viscosity of the 
protoplast, although according to Lloyd ((99) p. 13 L (,ol) P* thl ® 
is not uniform, but is greatest at the posterior end of the male and 
least in the region of fusion. At the same time nucleus and nucleoius 
decrease in size. When the processes have reached their full length, 
their end-walls are dissolved, so that an open, usually relatively 
narrow conjugation tube is formed (fig. 100 F, H). The pro ongations 
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of the two protoplasts that have extended into the processes are thus 
brought into direct touch. 

When the open canal is established the male protoplast, without 
losing contact with the female, contracts away from its wall and the 
process of fusion commences (fig. 100 H), surface tension probably 
gradually pressing the male through the conjugation tube into the 
female protoplast. 1 It is not until the male has passed entirely over 
into the female that the latter in its turn contracts away from its 
membrane (cf. (126)). According to Lloyd the contraction of the 
gametes is due to the discharge of liquid from a number of large, 
nearly spherical contractile vacuoles (cf. also (19)) which may be 
sufficiently numerous to produce a frothy appearance and arise 
sooner in the male than in the female (cf. fig. 100 K, v, showing lateral 
conjugation). These vacuoles are stated to receive water, probably 
containing some solutes ((102) p. 54), by diffusion from the central 
vacuole and to discharge it into the space between the protoplast and 
the cell-wall. In the male protoplast they appear at the posterior and 
spread to the anterior end (fig. 100 K), while in the female the order 
of appearance is in the opposite direction. Similar vacuoles are also 
operative in bringing about the final contraction of the zygote. 

According to Lloyd (O01) p. 90; cf. also (89) p. 24) this course of events 
does not obtain in all species of Spirogyra. In 5 . maxima and probably 
in other large species considerable contraction of the male, and some¬ 
times also of the female gamete, may take place before fusion. The male 
gamete, however, remains in connection with the tip of the male con¬ 
jugation process or with some part of the tube. In the premature 
contraction these species behave more after the manner assumed in the 
older accounts of the conjugation-process. In many cases the female 
cells become much swollen after fusion of the gametes. 


The ladder-like or scalariform method of conjugation described 
above is that habitual in Spirogyra , but another method (lateral 
conjugation) is occasionally observed and in some species (e.g. 
S. affinis, S. tenuissima) may even be the rule. In this case there is no 
sexual differentiation between the filaments, and the conjugation- 
processes arise from adjacent ends of neighbouring cells. They ?!j e 
formed by a gradual protrusion of the longitudinal wall on either si e 
of the septum (fig. 100 I, J), the adjacent portion of which becomes 

stretched in the same measure ((99) p- i 3 °> (37) P- 47 2 )- *■ h,s can . 
regarded as a production of two processes which, however, as in 
scalariform conjugation, are in contact from the first. The septum m 
the region of the protrusion then breaks down (fig. 100 £), althoug 
in 5 . longata according to Lloyd but a minute pore is at first formed. 

1 In Zygnema according to Dangeard( 4 3) the male gamete twists through 
a right angle before fusion. 
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Fig. ioi. Conjugation in Zygncmoideae. A. Zygnemapectination (\ auch ) 
Ag. (after Fritsch), lateral and scalariform conjugation in the same hlament. 
B, E. Z. circumcarinatum Czurda (after Czurda); B. commencing P^P'In¬ 
formation ; E. late stage. C. D. H. I. Debarya Hardyi West (after W^t), 
D, early conjugation-stage; H, zygospores; C, I, extremi tes ( p a f ter 
gametangia to show thickening. F. L, Zygnema stellmum V *uch.) Ag. I[F after 
West; L after Boergesen); F, completed conjugation; L. z ^P^ C j' ]' 

h t H-piece; p t conjugation-process; z t zygospore. 
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conjugation have not uncommonly been observed in the same filament 
(cf. fig. 101 A). In the case of Z. peliosporuni(tx >> material from the 
same habitat, though collected in different years, has been found on 
one occasion to show the spores formed in the one conjugating cell, 
on the other in the conjugation tube (cf. fig. 101 G, J), and despite 
Czurda’s criticism (39) I am still of the opinion that in this case we 

have an instance in which the degree of sexual differentiation is 
variable. 


In the genera, whose conjugation has so far been discussed (Zygne- 
maceae), various exceptional occurrences have come to light. Thus, 
Czurda(j 9 ) has described a form (Zygnema circumcarinatum) in which 
the processes break down at their apices before they meet, the proto¬ 
plasts gradually escaping from the open ends and fusing to form a 
zygote between the two papillae (fig. 101 E). Similar features are seen 
in the conjugation of some Desmids. Hodgetts* Spirogyra colligata(ys) 
is remarkable in that lateral conjugation in some cases takes place by 
the protrusion of papillae from the two parts of the septum the 
conjugating cells being pushed apart by their elongation, although 
remaining connected by the papillae (fig. ici K) 


(b) MOUGEOTIACEAE 

5 ° thef genera of Zygnemoideae. which can be grouped as Mougeo- 

\n Trn, Var ! C T s P ec,ahsatlons in the conjugation process are apparent. 
In Mougeotia the gametes are produced from only a part (including 

nucleus and chloroplast) of the protoplast of the gametangium * Thf 

conjuganon-cana! may be formed either by means of papillae as in 

f « n yg " emac J ae ’ °. r nierely by the approximation and subsequent 

fusion th° ng thC P °4 inl ° f contact of geniculate pairs of cells \h er 
usion the zygote does not immediately secrete a membrane of its 
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Fig. 102. A, Moggeoifa sp. B. M. e M^Tcieve) 

AT. sra/am Hass., zygospore. D, M. ‘“bar'a W««^Ej Mougeotia oedo- 
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The bulk of the species of Mougeotia are isogamous, but the zygo¬ 
spores are often situated nearer to one of the conjugating cells, whose 
conjugation-process is thicker and shorter than that of the other. In 
M. tenuis (24), in fact, the zygote is located mainly in one of the two 
conjugating cells (fig- 102 E). M. oedogoniotdes CzurdaUO 1 shows a 
complete gelatinisation of the central inflated part of the conjugation- 
canal after fusion of the gametes, while at the same time the basal parts 
of the original papillae close at their free ends, the zygote surrounded 
by a wide mucilage-envelope lying suspended between the two (fig. 
102 H). Lateral conjugation in this species is accomplished in essen¬ 
tially the same manner as in Spirogyra colligata (fig. 102 K--N). 

In the little known Temnogametum (171 a. 183) the gametes are cut off, 
already prior to fusion, as specially short cells brought into contact by 
geniculation and fusing without any contraction of the contents, so that 
the zygote fills the whole of the two cells (fig. 102 I). Lateral conjuga¬ 
tion of similar short cells is accomplished merely by solution of the 
intervening septum (fig. 102 J). The special features appear only as a 
modification of what normally occurs in Mougeotia, the separation of 
the gametes taking place before, instead of after, fusion, and there may 
be somejustification for including the genus as a section of Mougeotia (+2). 


In Zygogonium ericetorum ( 6 ,74) the gametes are again produced 
only from part of the cytoplasm of the gametangia. Before the canal 
is fully established, the greater part of each protoplast passes into 
the process and becomes cut off by a curved wall (fig. 103 C, «’)• 
Within tfie cell thus formed the protoplast secretes an independent 
thin membrane and, after the fusion of the gametes which com¬ 
mences by the formation of a pore (fig. 103 D, lower part) that 
gradually enlarges (fig. 103 D, upper part), these membranes unite 
to form the outermost layer of the zygote-wall (fig. 103 E). 2 

Morphological anisogamy is found only in Sirogonium (Choaspis){t>), 
where the conjugating cells meet by geniculation, especially of the 
female cell, and no processes are formed; at the point of contact there 
is a conspicuous ring of mucilage (fig. 103 B, F, r), probably repre¬ 
senting the edge of the adhesive pad (cf. p. 323). As a general rule 
the conjugating cells are cut off by preparatory divisions, whereby 
gametangia of different sizes are produced (fig. 103 B). In the male 
(m) a first division separates off a small sterile cell (j) at one end after 
which a second much larger cell (s') is cut off at the other end; in th£ 


is Simil “ r fe “ ,ures in ,he conjugation-process 
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Fig. 103. A, Spirogyra mirabilis (Hass.) Kiitz., parthenospores, the lower one 
germinating. B, F, Sirogonitun sticticum Kiitz.; B, early and F, late stages 
in conjugation. C-E, Zygogonium ericetorum Kiitz., successive stages in 
conjugation; E, zygospore. G, Spirogyra various (Hass.) Kiitz., partheno¬ 
spores, the one on the left germinating, c , chloroplast; e 9 envelope of spore; 
/, female gamete; g 9 gametes; m 9 male gamete; />, conjugation-process; 
r, mucilage-ring; s 9 s ' 9 sterile cells; sp 9 parthenospore; w 9 septum cutting off 
gametangium. (A, G after Klebs; B, F after De Bary; the rest after Hodgetts.) 
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female cell (/) of the opposite filament there is only one division 
separating off a small sterile cell (5), so that the resulting female 
gametangium is much larger than the male. The zygospore is formed 
in the female cell (fig. 103 F). Lewis(98) has described a species of 
Spirogyra, under the generic name Temnogyra, in which a large 
sterile cell with scanty contents is cut off in either thread before the 
gametangium which contains most of the chloroplast is differentiated. 
This serves to link Spirogyra with Sirogonium which Printzdsg) and 
others regard but as a section of the former genus. Whatever views 
one may hold as to this, there is no doubt about the inequality of the 
conjugating cells in Sirogonium and that this usually arises prior to 
conjugation by unequal division. 


Germination of the Zygospores 

The ripe zygospores of the Zygnemoideae are usually spherical or 
ellipsoidal and possess a thick wall which is composed mainly of 
cellulose and is commonly three-layered, the outer layer being 
cuticularised and the middle one often exhibiting distinctive markings 
(cf. fig. 101 L). According to Conard(*6) this layer is composed of 
two halves in Spirogyra majuscula. The contents of the zygote 
accumulate a large amount of fat which arises by conversion of the 
starch and is often coloured red. In the isogamous Zygnemas the 
contracted chloroplasts of the two gametes remain recognisable in the 
zygospore up to late stages, while in the anisogamous forms and in 
Spirogyra those of the male usually disintegrate at an early stage 
((>8), (94), (17a); cf. however (159)), in Temnogyra before the male proto¬ 
plast passes over into the female. 

Nuclear fusion appears to be delayed for some little time after the 
amalgamation of the gametes. Division of the fusion nucleus may 
either take place soon after, during the ripening of the zygospore 
(<« 73 ) pp. 610, 611) or only just before germination, as in other 
Conjugales. Of the customary two nuclear divisions (fig. 104 A, B) 
the first generally accomplishes reduction (81,94.173), but some species 
of Spirogyra are stated to be peculiar in the fact that the second is the 
reduction division ((173) p. 609). One of the four nuclei formed 
enlarges (fig. 104 C, D), while the others gradually abort, a single 
individual (fig. 104 E, G) thus resulting from each zygote (cf. also 
(138)). As a preliminary to germination the abundant fat is converted 
to starch, whilst the chloroplasts become more distinct. Thereupon 
the outer thick layers of the zygospore-membrane are burst at one 
end and the contents, surrounded by the innermost layer, grow out 
as a long tube (fig. 104 E, G, H) which soon undergoes division into 
two cells. The lower of these contains scanty chlorophyll and often 
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appears colourless for the greater part of its length, and in Spirogyra 
and Mougeotiat 198) it may develop into a definite rhizoid which often 
remains in the zygospore-membrane for some time (fig. 104 H); the 
upper proceeds to divide to form the thread. In Zygnema the dis¬ 
tinction into base and apex is scarcely evident. 

In one species of Zygnema ( Z . reticulatum Hallas) the azygospores 



Fig. 104. A, Spirogyra calospora Cleve, second nuclear division in zygote. 
B, C, 5 . longata Vauch.; B, quadrinucleate stage; C, degeneration of three 
nuclei. D, E, Zygnema stellinum (Vauch.) Ag.; D, degeneration of three 
nuclei; E, development of young plant. F, Mougeotia capuana (Bory) Ag., 
akinetes. G, H, Spirogyra neglecta (Hass.) Kiitz., successive stages 
germination. I, J, Zygnema fertile Fritsch & Rich, azygospores. K, ,Zygo- 
gonium ericetorum Kiitz., akinetes. c, chioroptet; /, p 

zygospore; n, nucleus; rc, disintegrating chloroplast. (P.» ^ **fter u after 
F after Borge; I, J after Fritsch & Rich; K after Fritsch; the rest after 

Trondle.) 
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(cf. below) have been observed to give rise to one, two, or three new’ 
individuals in germination (70); 1 to base a separate genus on this, as 
Rosenvinge(us) suggests, is in the present state of our knowledge not 
warranted. According to Conard (28) the gametes of Spirogyra majuscula 
are only connected by a cytoplasmic bridge in the zygote, and it is 
within this bridge that nuclear fusion occurs; in germination the two 
gametes are stated to separate again. This requires confirmation. 


Numerous irregularities in the process of conjugation are on 
record, 2 but these cannot occupy us here. In several Zygnemoideae 
parthenogenesis occurs as an occasional phenomenon ((89) p. 42). 
The plainest case is constituted by Spirogyra groenlandicaa^ ) in 
which, after the conjugation-processes have been produced, but 
usually before the establishment of an open tube, the contents of the 
gametangia round off and, secreting a membrane, develop into 
parthenospores {azygospores). Czurda ((42) p. 146) expresses doubts 
w hether the phenomena described by Rosenvinge represent a normal 
condition, although much the same obtains in species of Mougeotia 
and Zygogomum. In a species of the latter Iyengar (80) describes 
formation of azygospores in a manner quite comparable to the normal 
conjugation-process for this genus. 

T- 3ble t0 bHng ab ° Ut the formatio " of parthenospores 
amfiaally in Spirogyra vanans, a species which usually exhibits normal 

conjugation, by placing conjugating filaments in a strong solution of 
sugar (fig. i° 3 G). In S. mtrabilis (Hass.) Kiitz.(87.133.134) there is 
no md^tion even of the preliminaries of the conjugation-process 
although Czurda (39) obtained such in cultures; the parthenospores 

Gonatonema ((8<f, * d T™' ,«*“—»?» i» 

Mougeotia with which it agrees in veil**** ed mere,y as a section of 
protoplast contracts into rite middle stru cture. In this case the 

whtch becomes sometvLa, enUr^ed and isTu, off h "" ^ F) 

own' 7 the^c^rs tnctned° PS 

off of the protoplast the latter in rar A • J De *ore the rounding 

piast, the latter ,n rare cases ,s stated to divide partially 

I Cf. also (94) p. 74. 

» Aril' a- ( * 0) ' (< ^ )> (6s) ' <‘so>. (.84). 

According to Czurda ((40X n 268^ nart i, 

formed in nature by this species. ’ P rthenos P or es are also commonly 
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or completely into two (cf. fig. 102 F). Czurda ((40) p. 282) suggests 
that these parthenospores may in part at least result from a process of 
lateral conjugation in which the septum between the fusing cells has 
broken down (cf. Temnogametum, p. 331), but at present there is no 
evidence for this. Some species of Zygnema (fig. 104 I, J) form very 
characteristic parthenospores (60). 

Structures which are probably best regarded as akinetes are formed 
in some species of Mougeotia and especially commonly in Zygnema. In 
the former genus akinete-formation is especially found in the species 
that inhabit mountain tarns and lakes with a relatively low temperature; 
in such habitats conjugation is rare and hibernation appears usually to 
be effected by means of akinetes. In shape the latter mostly differ but 
little from the vegetative cells, but the walls become markedly thickened, 
whilst starch and fat accumulate within the protoplast (fig. 104 F). Not 
uncommonly threads producing such akinetes are encased in a con¬ 
spicuous and often stratified mucilage-envelope, even when this is not 
visible around the purely vegetative threads. Puymaly(i4*) describes 
specialised akinetes formed from terminal or intercalary cells of the 
filaments of Spirogyra fluviatilis, the cells in question becoming swollen 
and accumulating much starch. Akinetes are also readily formed in the 
terrestrial Zygogonium ericetorum and in very dry habitats the threads 
of this species may exist permanently in the akinete-condition(s6); the 
cells here harbour numerous small fat-bodies, frequently arranged in 
a dense peripheral layer beneath the wall (fig. 104 K, /). 

Since threads of diverse species of Zygnemoideae often occur 
intermingled with one another, fusion between filaments of different 
species is not altogether rare. Cases of this kind have been observed 
both in Spirogyra and Mougeotia ((a), (ix), (184) p. 43), but no detailed 
investigations on this subject have so far been carried out. Transeau 
(170) states in the cases observed by him that the form of the zygospore 
is determined solely by the female gamete. He believes that segrega¬ 
tion in the reduction division results in the production of a number 
of different types (cf. with the hybrids in Chlamydomonas discussed 
on p. 120). An experimental investigation should sooner or later be 
possible. 


The Classification of the Zygnemoideae 

Very diverse opinions have been held as to the classification of the 
Zygnemoideae. West (179) advocated a classification depending on the 
characters of the chloroplast and Czurda has recently (4*) carried this 
to its logical conclusion by recognising only three genera, Spirogyra , 
Zygnema and Mougeotia} I am of the opinion, however, that t e 
separation of the zygote by special septa in Mougeotia marks a con- 

1 For other opinions on generic demarcation, see (139). (i 7 *). 
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siderable advance on those vegetatively similar forms in which this 
does not occur and for which I would maintain the old genus 
Debarya. The latter, as well as Zygnema and Spirogyra, are regarded 
as representing the less specialised members of the group. The 
divisions taking place in Sirogonium, Temnogametum, and Zygogonium 
prior to conjugation are deemed to be comparable to those occurring 
in Mougeotia subsequent to conjugation. The two families thus 
distinguished are the Zygnemaceae and Mougeotiaceae(iSo). The 
third family, Gonatozygaceae, includes only Gonatozygon and Geni- 
cularia which are regarded as reduced Zygnemoideae in conformity 
with Oltmanns’ views(125); like other members of the suborder they 
produce a single embryo from the zygote. 


Suborder II. DESMIDIOIDEAE (PLACODERM 

DESMIDS) 

The true Desmids are remarkable for the diversity of form, the often 
extraordinary complexity of the cell-outlines, and the marked sym- 

T tiy ' Vl Cy ,nclude , some of the most beautiful of microscopic 
objects. The majority live as single individuals, but a certain number 
are colonial the cells being united in most cases to form long filaments 
(hg. 105 J) which are often twisted. Desmids are essentially free- 
floating and frequently occur in great abundance in small ponds, in 
he quiet margins of rocky lakes, in Sphagnum-bogs, and in other 
localities where the water is not alkaline. With the exception of 

ZlZZ‘ U ”X mUm - H T g ^ 7,) - recorded from brackish waters, they 
are altogether restricted to fresh waters y 

defSe^ e“T f 

rSrr tricil H ha,ves (cf ' fig ' ,os a - d ’ e); 

semicell (c) (even where no constriction exists), and the narrower 
part connecting the two semicells is known as the isthmus (») The 

of the species are disrifor™ i„ ^ierias\ug. 105 A) the majority 
three principal plane^o'/syminetry^rig^iTang^es to^ne another 
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they require to be examined in three positions. The most important 
aspect is the front-view (figs. 105 E; 106 A,/) in which the cell is 
observed in the plane containing the two longest axes and in which it 
naturally rests. The other important aspects are the vertical or end- 
view ( e ) and the lateral or side-view (r). In the genus Staurastrum the 
cells have a radiate character, with two-, three-, four-, or more-angled 
end-views (fig. 105 F), the corners often being drawn out into long 
processes (fig. 106 F, G). Many of the simpler species of Staurastrum 
have triangular end-views (fig. 105 F). 



Fig. 105. Common types of Desmids (from Fritsch and Salisbury). A, 
Micrasterias . B, C, Euastrum. D, E, Cosmarium. F, Staurastrum. G, 
Closterium. H, Cylindrocystis. I, Cosmarium Meneghinii Br£b., zygospore 
(after West). J, Desmidium. K, Pleurotaenium. c, semicell; e, end- and 
/, front-views; i, isthmus; n, nucleus; p, pyrenoid; s, side-view; si, sinus; 
z, zygospore. 


Structure of the Cell 

The wall of the desmid-cell(7*.»°7} invariably consists of two halves, 
one of these belonging to an older generation than the other. The 
two halves have bevelled edges and fit so closely over one another 
and are so firmly connected that they are not easily recognisable in 
the living individual, especially not in many of the constricted forms. 
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They come apart, however, during conjugation (figs. 106 B; no) and 
sometimes after death; separation can often also be induced by treat¬ 
ment with alkalies. The mature wall is further composed of two well- 
differentiated layers. The inner one is structureless and consists 
mainly of cellulose; the outer is firmer and thicker and is composed 
of a basis of cellulose impregnated with various other substances 
(pectic substances according to van Wisselingh(i«6)) which often 
include iron-compounds. These are most prominent in some species 



bVbo 6 ,po™ B C C D ’Si? 4 ®*'""" Br<b - v * r - M Rich; 
^’ / g ? sporc ' B.Xanthtdium controvcrsum West; D side-view F 

SJ 2 ST Ebrenb - w. brevirostratum West zygospore F C 

" nd .; v,iis p g - ' ». 

rest after West.) *>gospore. (A. B after Rich; I after Borge; the 








3 *^ 






V*/ 
'• < 


'.•/TV * 


W. 


K\r •V^.vv. j 


T ill til 








Y- 


{ 


•V, 


•• -f » 


!«•.»■ 


Vv 


.tj 






Fig. 107. Wall-structure of Desmids. A, Onychonema filiforme (Ehrenb.) 
Rov & Biss. B, C, Micrasterins crux-melitensis (Ehrenb.) Hass., pore-organs. 
D, Hyalotheca dissiliens (Sm.) Br6b. E, Closterium didymotocum Corda. 
F, Staurastrum pseudo/urcigerum Reinsch, pore-organs and mucilage- 
envelope. G, Micrasterias denticulata (Brdb.) Ralfs, wall with pore-organs 
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of Clostenum and Pentum, where the membranes exhibit a yellowish 
or yellowish brown colour, but localised deposition of iron is met 
with in many other Desmids (76), although lacking in the Mesotaenia- 
ceae. The cell-wall sometimes contains traces of silica. The outer 
layer of the wall frequently bears granules, spines, warts, or other 
protuberances, most of which show a definite arrangement (cf. fig. 
106 A). The genus Xanthidium (fig. 106 C, D) is essentially charac¬ 
terised by the simple or forked spines borne at the angles of the 
semicells. 

External to the outer layer of the wall there is nearly always a thin 
diffluent mucilaginous coat, but in some Desmids this is more strongly 
developed, completely surrounding the individual or in colonial forms 
the colony; this mucilage is frequently the home of foreign organisms 
(including Bacteria). It is by means of the mucous envelope that 
Desmids adhere to other larger aquatic plants, and sometimes, when 
rapid multiplication has taken place, numerous individuals occur 
embedded in such masses of jelly. In some cases the mucus is tough 
as for instance when it forms the pads or processes by means of which 
thejodividuaJs are connected in the filamentous colonies (fig. 107 

tJ h lu UCl A ge issecreted thr °ugh pores ( 7 *. 86.,07. is*) which traverse 

are n0t “"commonly clearly visible without special 

of rTr y ? Pear t0 ^ 3bSent in Penium and some small Secies 

s ^eral genera the pores are almost uniformly 
distributed over the wall (e.g. Micrasterias, fig. 107 B, C) except tha? 

io 7 DWn aPP h. ar t0 be lack,ng in the re g ion of the isthmus (fig 
107 D). In richly ornamented forms, like many of the species of 

basTofThe 1 ^ 3re C ° mmon, y 8 r °uped symmetrically around thl 
bases of the spines, warts, etc., of the outer layer of the wall In 
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Lutkerniiller (107) who investigated these structures most fully. The 
canals are no doubt in all cases occupied by threads of mucilage 
(cf. however (7*)) in process of excretion. At the inner surface of the 
wall these threads often terminate in lens- or button-shaped swellings 
(fig. 107 H, K, b ), whilst at the outer limit of the pore-organ there are 
often similar dilations, sometimes complex in form (fig. 107 K) and in 
a few cases giving rise to a delicate radiating mass of mucilage (fig. 
107 G). These diverse structures are apparently more or less permanent 
in character. In many of the larger Desmids there are numerous 
smaller pores between the larger ones and confined to the outer layer 
of the wall. 

The envelope of mucilage is readily stained by dilute methyl violet 
and, as SchroderOsz) showed, can usually be demonstrated by placing 
the cells in diluted Indian ink for which the mucus has no affinity. 
This envelope often (except Closterium , Arthrodesmus) exhibits a 
prismatic or fibrillar structure (fig. 107 J), especially in the inner 
region. This structure no doubt corresponds to the exudation of 
mucilage through the individual pores in the form of a number of 
closely apposed prisms (cf. also fig. 107 F). Where special mucilage- 
masses are recognisable external to the pore-organs, each of these 
occupies the middle of one of the prisms. 

The slow movements frequently exhibited by Desmids, 1 when in 
contact with a substratum, are due to local exudation of mucilage. 
The latter is usually excreted through specially large pores situated 
near the ends of the cells (fig. 107 E), and irregular worm-shaped 
masses, two or three times the length of the individual, may be 
secreted at these points in the space of an hour (fig. 107 I). In 
Closterium the cells often perform pendulum-like movements about 
one fixed extremity; sometimes the free end swings through 180° to 
become attached in its turn, whilst the other repeats the movement. 
Thus, by a series of somersaults, each occupying 6-35 minutes 
according to the temperature, the cell moves forward over the 
substratum. In other genera the movements seem more erratic. As 
directional stimuli light and gravity come into play. 

The desmid-cell always has a single nucleus which is usually 
embedded in a small median mass of cytoplasm in the region of the 
isthmus (figs. 105 G; 108, n). The chloroplasts have been investigated 
bv various workers (17. 104.149). In the vast majority of cases they are 
axile and one occupies each semicell (fig. 108 G, K). Two chloroplasts, 
however, occur in each semicell in many species of Cosmanum 
(fig 108 B, C), in Euastrum verrucosum, and a few species ot A an- 
thidium (fig. 108 H). Such axile chloroplasts typically consist of a 
central piece, which is rod-shaped in elongate forms hire Closer urn 
(figs. 105 G ; 108 A, G) and Penium, although usually more or less 

1 See (85), (86), (90), (is*), <«k». 
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rounded in other genera; from this axial portion there arise a number 
of plates or processes which extend towards the periphery of the cell. 
In Clostenum (fig. 108 A) the elongate chloroplast in each semicell 
bears more or less numerous longitudinal ridges which are sometimes 
undulate or anastomose with one another. 1 The axile chloroplasts of 
Staurastrum (fig. 108 E, F) bear a number of bilobed extensions, one 
of which penetrates into each angle of the semicell. 

There is a clearly recognisable tendency in many, and especially 
the larger, species of Cosmarium , Euastrum, etc., for the ends of the 
chloroplast-pr’ocesses to spread out into parietal, sometimes richly 
lobed or fringed, plates within the bounding cytoplasmic layer of the 
cell (fig. 108 J, K), and the extent of this parietal development may 
vary considerably in one and the same species. In Cosmarium 
Brebissonii Menegh. some individuals have elaborate axile chloro¬ 
plasts (fig. 108 L), whilst others have no axile system at all and instead 
possess a number of parietal chloroplasts (fig. 108 M). In quite a 
number of Desmids (e.g. Cosmarium ovale Ralfs, fig. 108 D; Stauras¬ 
trum tumidum Br£b.; many species of Xanthidium, fig. 108 I; and 
Pleurotaenium) the chloroplasts are solely parietal and occur as a 
number of bands in each semicell. In Pleurotaenium the bands are 
sometimes broken up into numerous pieces, each with one pyrenoid. 
All the evidence points to a close relation between the two types of 
chloroplast-structure, the parietal system being probably a later 
development than the axile one and apparently often arising pan 
passu with an increase in the size of the cell. In the genus Cosmarium 
closely related species are sometimes mainly distinguished by re¬ 
spective parietal and axile arrangement of the chloroplasts (e.g. 
C. subcucumis Schmidle and C. cucumis Corda). 

In Desmids having axile chloroplasts the pyrenoids are usually 
located in the central portion (fig. 108 F, G, H, K). In Clostenum 
(fig. 108 A), and sometimes in Penium, there is a row of pyrenoids, 
in other cases a single one. Carter ((*7) pp. 215, 295, etc.) and 
Ducellier(so) have, however, drawn attention to the frequent multi¬ 
plication of the central pyrenoid (fig. 108 B), although,, since the 
products of its division often remain close together, this may be 
difficult to recognise except in carefully fixed and stained specimens. 
This multiplication probably shows the way in which the scattered 
pyrenoids found in the chloroplasts of some forms have arisen; this 
condition is met with in Closterium Ehrenbergii , many species ot 
Euastrum , and occasional species of Cosmarium (fig. 108 L) an 
Staurastrum. A number of pyrenoids are also usually found e * ch 
of the parietal chloroplasts above mentioned (fig. 108 D, M). Carter 
((17) p. 226) further records in a considerable number of the species 

1 The account given by Lutman(m) is probably scarcely typical for the 
genus. 
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examined by her small naked pyrenoids devoid of a starch-sheath 
and such may be met with in the peripheral processes when the 
ordinary pyrenoids are restricted to the axial portion. 

In Desmids with large axile chloroplasts vacuoles may be absent 
or of small size, but in those with parietal chromatophores large 
vacuoles are often present in the central parts of the cell. In Closterium 
and Pleurotaenium there is a well-marked terminal vacuole at each 
extremity of the individual (cf. fig. 109 H, K, o), containing one or 
many vibrating crystalline bodies of irregular or definite shape, the 
number always being the same in the two vacuoles of an individual, 
but not being a constant for the species(54. 55.03.154). In Closterium 
they are believed to be minute crystals of gypsum, and they are stated 
to be formed in the cytoplasm and subsequently to become transferred 
to the vacuoles ((54) p. 149, (03) p. 294). Their movements cease with 
the death of the cell. According to Steinecke(i64) the crystals always lie 
against- that wall of the vacuole which is directed downwards and 
he therefore regards them 9s statoliths, a conclusion against which 
several other investigators have pronounced. Certain mucilaginous 
bodies commonly found in the ordinary vacuoles of Pleurotaenium 
and sometimes in Cosmanum are of unknown significance (54.92). 
Circulation of the cytoplasm is often obvious in the larger forms 
(Closterium, etc. (6. 54.154.190)). 


Cell-division 

The usual method of multiplication is by cell-division, and in many 
species this would appear to take place indefinitely without conjuga¬ 
tion occurring. The process of cell-division is complicated by The 
bipartite structure of the wall and some points relating to it still 

remain obscure. Division occupies about a day in the smaller, several 
days in the larger species. 

In a simple unconstricted form like Hyalotheca ((72) p. 46) the 
process shows much resemblance to that found in speciesofA/icro- 

sfrTn of bCmg m u‘ ated by the deve lopment of a cylinurical 

f m , mbrane on the inner side of the wall at the level of the 

inm.r n ° f the K tW ,c semicells - The septum arises from this as an 

whereby‘each'Tndi ^’d T 9 D) . and When COm P Iete splits into two, 
rnl!r^= y ,r-t h /"dividual acquires a new semicell which gradually 
enlarges to its full size; the other semicell is derived from the parent 

fi" P“ m,dS Wltl ; a ma f ked median constriction (e.g. Cosmariumy the 

1 See (6), (71), (,o 7 ) p . 360. 
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Fig. 109. Cell-division in Desmids. A-C, Cosmarium botrytu Menegh. (after 
De Bary). D, Hyalotheca mucosa (Mert.) Ehrenb. (after Hauptfleisch), 
formation of septum. E-H, Closterium Ehrenbergii Menegh. (after Lutmanj, 
E, nucleus in metaphase, septum-formation commencing; h, septum neany 
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develops, demarcating the two new halves and later splitting into two. 
The young semicells gradually enlarge (fig. 109 A-C, I, J), but usually 
remain in contact by their apices until they are practically fully grown. 

According to Lutkemiiller ((107) p. 362) the membrane of the new 
semicells is always quite smooth (cf. fig. 109 C) and a second membrane 
provided with the ornamentation typical for the species develops on 
its inner side, after which the primary one is cast off. In his opinion 
this is the rule in constricted Desmids, although not occurring in the 
colonial forms. The matter is worthy of a fresh investigation. 

The cell-division of Closterium is of rather a different type; 1 it has 
been specially investigated by van Wisselingh <«<*) and Lutkemiiller 
(«o 7; «.o) whose conclusions are, however, at variance. A first pecu¬ 
liarity lies, in the fact that the dividing wall is not formed at the 
boundary between the two semicells, but a little wav beyond in the 
younger semicell. At this spot the outer layer of the wall is lacking, 
", 1 e the inner layer is thickened so as to project slightly into the 
cell-cavity (fig. 109 bis, C, r) ; a slight external constriction (“ Ring- 
turche ), appearing superficially as a transverse line (fig. 109 bis, 
A, r), marks the point at which this special structure occurs. When 
division ,s about to take place, this local thickening becomes drawn 
out into a cylindrical strip owing to a slight elongation of the cell 
and from this new segment of the wall a septum grows inwards (cf! 
ng 109 t) in the same way as in Hyalotheca. It is at this point that the 
interpretations diverge. According to Lutkemiiller the septum later 
splits and the two halves become bulged out to form the new semicells 

wh ch r r ^ PeCt,V l daU , 5 hter " individua, s io 9 K). The individual 
which receives the older semicell of the parent will thus possess a 

nun* connecting band (fig. ,09 bis. A, III, c) extending between the 

narem ^11 ^ c 1 ° nnec,,on between the two halves of the 

parent-cell and that marking the connection between the old and 

toTh S e e Z e ± (#) : "IT 0 " WiU 3dd 3 further connecting band 

wa^th^ 8h 'f n ^ V ‘ dua th3t acc l uires the older semicell. In this 
way the series of fine transverse lines to be seen in the equatorial 

region of many species of the genus originate (cf. fig. 109 \I) 

.MS S3SSISSSt On h h ls-r 

_ Thc ac count of Fischer (5 3) is not correct in all its details. 

XipUs £“ir s s, b 'frf r °r d °£: ■' constrictions - of 

Carter). K. Closterium Kto, , 7,1 <T'T> R,lf * 

Ehrenb. (after West), with yirdle-band M r e,nec ke). L, C. stnolatum 
(after West), showing connec fng bands J* fhU "7""' (Schrank > Ehrenb. 
turn;r, terminal vacuole. 8 ‘ C * ch * or oplast; ,r. nucleus; r. sep- 
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the wall of a Closterium -cell consists of one piece as far as the inner 
strata are concerned, but the older semicell will have several external 
strata overlapping one another and stopping short at various points, 
their limits marking the limits of the connecting bands. 

In a number of species of Closterium (e.g. C. intermedium Ralfs, 
C. striolatum Ehrenb., fig: 109 L) the wall shows special structures 
known as girdle-bands, of which there are never more than two. They 
arise (cf. fig. 109 bis, B) by the development of an internal thickening 
of the wall in the younger semicell, a little way from its point of junction 
with the older one; at this point the cell-membrane ruptures trans¬ 
versely and the girdle is formed (fig. 109 bis, B, la) by stretching of the 
thickening ring between the ruptured portions (Lutkemiiller) or by the 
stretching of a complete cellulose-layer apposed to the whole inner 
surface of the wall (van Wisselingh). The formation of a girdle is of 
course also accompanied by the production of an additional connecting 
band (cf. fig. 109 bis, B, II a, c). In a few species of Penium (e.g. 
P. spirostriolatum Barker, fig. 106 H) similar girdle-bands are formed. 
These phenomena recall in many ways the mode of growth of the wall 
of Oedogonium ((139) p. 345). 

Certain complications in the division-process are also seen in the 
colonial genera Desmidium and Gymnozyga (Bambusina ). Here the 
septa soon after their formation, after splitting into two in the usual way, 
develop on either side a cylindrical ring-like ingrowth (fig. 114 D, D', r), 
similar to that found in species of Spirogyra with replicate end-walls. 
As the young semicells enlarge, these invaginations become protruded 
to form their contiguous apices ((6) p. 44, (7a)) (fig. 114 D). 

The young semicells are usually clearly recognisable and nuclear 
division is complete before any change takes place in the chloroplasts 
of the parent (fig. 109 A, I). At a certain stage, however, the chloro¬ 
plasts commence rapidly to enlarge and extend through the isthmus 
from the old into the new semicell (fig. 109 C, J) so that, when the 
latter reaches its full size, it is generally completely occupied by them. 
Division of the chloroplasts then occurs at the isthmus (6,17). In 
Closterium, however, according to Lutmantm), constriction of the 
chloroplasts commences before any other changes are apparent 
(fig. 109 E). After nuclear division is completed the daughter-nuclei 
move to the points of constriction of the chloroplasts and there take 
up their normal position within the young individuals (fig. 109 G, H). 

The Process of Conjugation 

In the process of conjugation ( 6 ) two individuals become approximated 
and enveloped by mucilage; in the Cosmarieae they are not un¬ 
commonly placed at right angles to one another (fig. no A-C). In 
1 Regarding nuclear division in Desmids, see (»**), (»95). See also No. 1 
on p. 75. 
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many Desmids the semicells of each individual merely come apart at 
the isthmus and the protoplasts are set free and fuse (fig. i io G, N, O). 
In some cases ( Closterium , fig. i io J; Desmidium , fig. no K; Hyalo- 
theca, fig. no D, etc.), however, more or less distinct protuberances 
of variable size arise from the isthmus of each conjugating cell and 
join to form a tube within which fusion occurs. In Closterium 
Ehrenbergii these conjugating processes are stated (o 4 8) p. i^ 2 ) to 
grow out of a rounded aperture that arises in the membrane of each 
copulating individual. According to Pothofluijs) the protuberances 
in Hyalotheca (fig. i io D) in most cases only arise from cells in contact 
with each other (cf. Zygnemoideae). 

In most of the filamentous types dissociation into the individual 
cells occurs prior to conjugation (fig. no D, E, F, M), exceptions 
being tound in certain species of Desmidium (e.g. D. Suartzii , 
fig. no K). The zygospore is formed between the conjugating cells’ 
with the sole exception of Desmidium cylindricum Grev.(6.i 5 j) where 
it is lodged within the female cell (fig. no F). According to 
bcherffel(i 4 8) in Closterium parvulum one protoplast passes into the 

conjugation-canal.sooner than the other ( fi g- no'H) which probably 

implies a sexual differentiation. As an abnormality three or even four 
desmid individual may participate in the formation of a zygospore. 

• i " e ^ uentl >’ ha PP e ns that conjugation ensues between young 
individuals soon after division<6 ., 8j ., 8 4 > and before the new semicellf 

ha'? arr,ved at maturity (fig. no J). This has led to the view that 
conjugation takes place between recently formed daughter-individuals 
but for this there is no very satisfactory evidence (cl <8 9) ) Coniuira ’ 
ion between adjacent cells of filamentous forms (i.e. lateral con Z 

of ?;ctlt;aT„divid p u a ? s ,+ ^e formed h i the «■*■«■*» 

menon in* number spade,'(e » TeZW" S''**”"" 1 phe "°- 

species (e.g. C. Ehrenbergu , fig. ,,, D cf (6) 


Z r e°, d es C, rf" °r7 dS A - C - Oickiei R. lfs . 

P. E ', L ' Hyalo.Tca 

F, Desmidium cylindricum Grev., zygospore in on/ 06 *’ L> - z >'g°spores. 
manum botrytis, conjugation H I C/mE™? r j x, Rat,ng CC 1‘' G. Co*. 

var., conjugation. N, Euastrum eUgansfSllb) £'? esmtd,um Suartzii Ag., 

diumantdopaeum (Br*b.) KQtz., zygospore7 oniu^’t Zy8 ° SP ° re ' °- Xanthi- 

D. E after Pothoff; G, J after De B «ry -VitersX * lg ' gamete 

the rest after West.) * 1 a,ter s chertfel; K after Turner- 
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(148), (159a)), but their production is the rule in certain others. In 
Penium didymocarpum Lund. (fig. 111 A, B) the paired zygospores are 
stated to be formed by conjugation between four cells produced by two 
consecutive divisions of one individual. In Closterium lincatum Ehrenb. 
(fig. hi C, E) and certain other species of the genus, each zygospore 
arises from the union of a pair of gametes, one produced from a 
semicell of each individual. 

The formation of what are possibly to be regarded as parthenospores 1 




Fig. in. A, B, Penium didymocarpum Lund.; A, conjugation of four' in¬ 
dividuals just produced by division; B, completed conjugation, double 
zygospores. C,E , Closterium lineatum Ehrenb.; C, early conjugation (d.agr^n- 

matic); E, double zygospore. D, C. Ehrenbergn, two rec«nd y d.^ 
individuals in conjugation. F-H , Chlamydomonas S 

F, isogamous and G, anisogamous fusion; H, rounding o o yg • 
Oltmanns; D after Scherffel; F-H after Moewus; the rest after West.) 

1 Some of these afford a rather abnormal impression. 
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has been observed very occasionally in diverse Desmids(78. ii:. 184), and 
Klebs(87) was able to induce their formation experimentally in Clos- 
terium Lunula and Cosmarium botrytis. 

The mature zygospores appear usually to have a membrane of 

three layers, of which the inner is thin and colourless, the middle one 

firm and often brown-coloured, and the outer either smooth (fig. 110 

E, L, M) or covered with variously arranged warts or spines (fig. 110 

C, N, O) which in the advanced forms are often repeatedly branched. 

Such spines develop as thin-walled protrusions of the membrane and 

remain hollow until all the branches are formed(88). In Hyalolheca 

(fig. no L, M) the walls of the conjugating cells remain firmly 

connected with the conjugation-canal in which the zygospore is 

formed. Wherever the matter has been investigated fusion of the 

gamete nuclei is delayed until just prior to germination which takes 

place after a prolonged resting period. The chloroplasts of the gametes 

usually become indistinct during conjugation, but in the mature 

zygotes two chlorophyll-containing masses are often recognisable 

According to Kauffmann ((83) p. 764) two of the four chloroplasts of 

the gametes disintegrate during the maturation oY the zygospores of 

Penium, Closterium, and Staurastrum, while in Hyalolheca one of the 

two disorganises(.35) and this may well be general (cf. also (, 3 e» 
p. 671). 

The details of germination are only known in a few cases(6.8 4 . ,, 8 > 
As in other Conjugates two successive nuclear divisions (fig. 112 B-D) 
take place m the germinating zygote, of which the first is the reduction 
division (cf. (.35), (136)). 1 hereupon the contents, which have escaped 
from the outer envelopes of the spore, divide into two individuals 
J 12 L * G )\ each of which in Closterium contains one chloroplast 
and two nuclei, one of which enlarges while the other gradually 
isappears (fig. 112 E F). I he production of two individuals would 

S m ‘° b n the h r . ule * n Desm ‘ds, but in some cases(, 7 s) there are four 
(hg. 112 J), while in Hyalolheca dissihens (fig. 112 K, L) there is only 

°" e ,?, n < he case two of the four nuclei at first enlarge 

(fig. 112 K), but one of these aborts in addition to the two smaller 
ones. The first-formed cells are devoid of the characteristic markings 

a ^ ac<i , u . i :i, by -n;e n ::;r ice " s 

nudlTbiTon? ° f C ° Imar "'" , likewis<: exhibit a formation of '‘(ouf 
* but ° n,y one survive s by contrast to the zygospores (84,. 

The Evolutionary Sequence in Desmids 

In no other group can evolutionary series be so ctenrb- • , 

among Desmids, and there is abundant evidence of parallel dT^ ** 
ment( 5 8). Whatever view one may take as to £ ^gmtlhe gmTp 




Fig. 112. Germination of the zygote in Desmids. A-F, Closterium sp. 
(after Klebahn); A, zygote with two nuclei; B, first nuclear division in 
escaped contents; G, binucleate stage; D. second nuclear division; 
degeneration of two nuclei ; F, young individuals. G-I, Cosmanum bot ^y 1 ' 5 
(after De Bary); G, H, differentiation of two individuals; I, products ot me 
first division of one of these (note the smooth semicells). J, 6/aumrW"" 
Dickiei var. pnrallelum Nordst. (after Turner), germinating zygote with tour 
individuals. K, L, Hyalotheca dissiliem (after Pothoff); K, above first rmcle 
division completed, below abortion of two of four nuclei; L, survivi g 
individual with single nucleus, ft, nucleus. 
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(cf. p. 361), the ancestors must have possessed cells with the general 
shape of those of the Mesotaenioideae, i.e. they will have had rounded 
semicells devoid of a median constriction and circular in cross-section. 
Such cells are indeed characteristic of many species of Penium 
(fig. 106 H, I) among the Desmidioidea'e and, in a somewhat more 
specialised form, are seen also in Closterium, Pleurotaenium , etc. In 
the further evolution of the desmid-cell there occurred constriction 
and flattening, both barely indicated in some of the simpler species 
of Cosmarium, but much more pronounced in those exhibiting 
elaboration of form or ornamentation (figs. 106 A; 108) and especially 
evident in genera like Euastrum, Xanthidium (fig. 1 x 3 I-K), and 
Micrasterias , which attain to some of the most complex outlines 
(cf. fig. 113 G) known in the group. 

Flattening of the cell results in a usually elliptic vertical view 
(fig. 113 A, N), but in a large number of the Cosmaria the ellipse 
shows a more or less marked median swelling, due to the dilation of 
the face of the semicell above the isthmus (fig. 113 U); this swelling 
often bears a distinctive ornamentation. In certain species of 
Cosmarium (e.g. C. Holmn Wille) these swellings may attain to such 
dimensions that the outline of the cell in end-view comes to be 
quadrangular (fig. 113 A-F), so that these forms can with equal 
justification be referred to Staurastrum ((.03) p. 29). Such median 
swellings are a marked feature of most species of Euastrum and 
Xanthidium (hg. 113 K), and there can be no doubt that they re¬ 
present a further specialisation of the desmid-cell. 

Whilst a direct derivation of the staurastroid type from Cosmarium- 
Hke forms along the lines just indicated is probable, it would scarcely 
appear to be the normal mode of origin of species of Staurastrum 
since in the vast majority the triangular end-view preponderates 

; . g K S ‘ 105 *7 *° 6 F * G )» the quadrangular one being on the whole 
ratner rare. I he tendency to evolve forms with a triangular end-view 
s, however, widespread among Desmids, being known for quite a 

of g “ Cr ° f S P ec, ? s ” f Cosmarium (fig. 113 L) and a few species 
- anthidium and Arthrodesmus\ moreover, such forms are even 

fi^r^m ° f thC h ‘ ghly s P eciali *e<l genus Micrasterias 

}_ g * 3 ' the P eculiar topical genus Euastridium (.86) appears 

fact fhTt 86 ™ thC Sar ?® tendency on the P art of euastroid forms. The 
ven. 1 ^ Species Wlth a , triangular end-view are rather frequent in the 
of <Jtnn° Sf ? ar,U ™ no , doubt indicates that the origin of most species 
the lessT* Um ' S \° be sou g ht among those of this genus. Many of 

to species P oi 'Cosmal^* StaUraStrUm are indeed c,osel y Pa^el 

the r s l imoL?, ral ,r 0lU ' i ° nary ,renJ amon 8 Desmids. in passing from 

resp ‘7 ,, h r m ° re COI ? pleX is also recognisable with 

respect to the features of conjugation. The simpler forms have 
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Fig. 113. A-F, Cosmarium Holniii Wille, various individuals; note the 
diverse character of the end-views. G, H, Mtcrastenas mahabulesh - 
warensis Hobs. var. Wallichii (Grun.) West; H, the triquetrous end-view. 
I-K, Xanthidium antilopaeum (Br£b.) Kiitz.; J, side- and K, end ’£ ie " s - 
L, M, U, Cosmarium biretum Breb.; L, end-view of forma tnquetra Br6b.; 
U, usual end-view. N-S, series illustrating evolution of ornate and stauras- 
troid forms; N, C. contractual Kirchn. var. ellipsoideum West; O, C. P°*~ 
tianum Arch. var. orthostichum Schmidle; P, C. foveatum Schmidle, 

C. scabralulum West; R, Staurastrum muticum Brdb.; S, S. turgescens De Not. 
T, Cosmarium caelatum Ralfs. e, end-view; 5, side-view. (A-F after Lowe; 
G, H after Homfeld I after Ralfs; P after Borge and Schmidle; the rest alter 

West.) 
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smooth spherical zygospores, while the more complex have spores 
provided with an armature of simple or forked spines. Moreover, 
there is clearly a tendency for elimination of the conjugation-process 
in the more advanced types. While zygospores are known for a large 
proportion of the simpler Desmids, in many of which too the 
production of zygospores appears to take place with great frequency, 
the specialised types appear not only to produce zygospores rarely, 
but in many of them (even in common, widely distributed species) 
conjugation has as yet not been noted. 

It is a well-known fact that, whilst there is no difficulty in referring 
the majority of Desmids to their appropriate genus, there are a con¬ 
siderable number of species which one must regard as border-line 
forms whose reference to one or other genus is largely a matter of 
personal opinion. In other words most of the genera merge into one 
another. Moreover, when one surveys the numerous species of 
Desmids that are known, it becomes apparent that a considerable 
number of lines of parallel evolution are recognisable. Thus, starting 
with a number of species of Cosmarium showing diverse shapes in 
tront-view, but all possessing smooth membranes and a circular or 

lpt,Ca NT e x nd ' V,eW ’ We can dist ‘ n g u *sh for each such simple 
ln\ tk g ’ one . or more °f the following specialised types: 

,) ., he same form with an ornamented membrane (fig. 113 O)- 
( ) the same form with a median swelling in end-view (fig. 113 P). 

brane'ffiT'i^w^ median swc ? lin * and an ornamented mem-’ 
membrane (fia , Q ’»? A staurastro,d . modification with a smooth 

mented mimh’ 3 5c’ 6 3 s ^ urastrold modification with an orna- 
™" . ed me mbrane (fig. 1,3 S). A considerable number of such 
para lei senes can be picked out without much difficulty, and they 

S DlIr7TK ,n y I'T along which evolution in this group has 

pedes 0^7 , e Slgm ° ld Sha ,?r CS n °‘ uncom monly assumed by vadou 
spates of Clostenum exempltfy a similar parallelism UM. 

demonstrated "bv't'h" f T" different genera ° f D «.m,ds is 
mom than » do r , r' “ ‘ S n °' P ossible «° classif y 'hem in 

tribes Penieae (with"? 1 *’ Dcs ™‘ dlaceae . among which the three 

Cosmarieae (comp ■sin^T’h ,eneae ( " ith a " d 

distinguished. P g al1 ,he remaning genera) are usually 

to The Tommh, 0 ■ 'i**' colon, al °esmids are evidently closely related 
Sbondvlr, • ' 1C nia ty P es - ^bus, Sphaerozosma (fig. 114. F) and 
^nSe.is ,4 o^ re clearly colonial forms if fhe ctJn ,E- 

end-Viewsand the ( ? g ’ ” 4 B * C ) show the angular 

colonies are moreover nrr° P ^fi ° f 3 ^[ at f rastrum - Filamentous 

Euastrum Microsttrial s, ° na y met with in species of Cosmarium, 

mids the cells are conL a ma J ority the filamentous Des- 

are connected by mucilage-pads developed between 
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of cell - D', a stage between x and a in D. monuijurm^ ^ 

greens’ Norcfst., two zygospores. F, fP^^XnoiZ c^agt 
G—I, Cosmocladium saxonicum De Bary; G, H, distribution ot muci g 
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their contiguous faces, but in Sphaerozosma (fig. 114 F), for instance, 
they are joined by short apical processes. Whilst most of the colonial 
Desmidiaceae are filamentous, other types occur in Cosmocladium 
and Oocardium. 

In the former («sO the Cosmarium- like cells are united to form branched 
microscopic colonies (fig. 114 I) by means of relatively thin, single or 
double mucilage-threads (m) which are attached near the sinus; the 
mucilage-threads are secreted through special pores (fig. 114 G, H). 
The highly specialised Oocardium (156), found in calcareous waters, 
occurs as hemispherical crusts, often covering Mosses, which may be 
as much as 5 cm. in thickness. These are composed of a number of 
more or less parallel, dichotomously forked, elongate and hollow tubes 
consisting of carbonate of lime and occupied by mucilage (fig. 114 L). 
Each tube widens towards the surface of the colony and at its free end 
encloses a single slightly constricted cell, much broader than long and 
with the longitudinal axis at right angles to the axis of the tube (fig. 
114 J* K )J the cells are unequally depressed on the two sides so that 
there are only two planes of symmetry. Each individual is thus situated 
at the end of a cylinder of mucilage (m), the envelope of lime (/) being 
precipitated from the water as the result of the assimilatory activity of 
the cell. The latter secretes mucilage below in the same measure as the 
lime-envelope lengthens, so that it always lies at the aperture of the 
tube. Considerable calcareous deposits may be formed by this Desmid 

'*75 ®/» 


.k Th V° ° ma . Desmids are probably a specialised development of 
e or inary unicellular habit and may perhaps represent a parallel 
tendency with respect to the latter as is seen in the Zygnemoideae 

t0 i f he Me sotaenioideae. Should the formation of a 

for g w m ; I Ual fr ° m the Zyg ° te - which Pothoff(. 35 ) has established 
his inte^ Pr ° Ve 2 !? e the rule amon g the colonial Desmids, 
rence of^h ^ i° n w< ; u d be considerab, y strengthened. The occur- 
V° ° gl ? amsogamy in Desmidium cylindricum (p. 3SI ) 

semi«U^ f F f "TV Most of the col °" ia ' Desmids havi 

from the l#. 3 Simp - C i 0n T ^ Cf ‘ fig * II4 ^ and a PP ear to hav e evolved 
suddo^H T f pCC i all ! ed unicellular types; this point of view is 
pported also by the frequency of zygospore-formation. 


^~I L ’ °° C ( aTdium strat um Naeg.; J, K. arrangement of 

o. Oocardium ^ce 11 • r end ' v,ew; l > l, me; m, mucilage; 

G, H, K after Lfltkmni? i ? of wall; s, side-view. (D after De Bary; 
West.) Latke mUller; I after SchrCder; J, L after Senn; the rest after 
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Occurrence and Distribution of Desmids 

A large number of Desmids are well adapted to a planktonic life, 
either by the possession of a thin plate-like ( Micrasterias ) or needle¬ 
like shape (some species of Closterium), by the protrusion of the cell 
into more or less elongated processes ( Staurastrum , fig. 106 F, G) or 
the presence of long spines ( Xanthidium , Arthrodesmus) ; the often 
copious mucilage-envelopes will also aid to enlarge the surface, 
without great increase in weight. A desmid-plankton is specially 
characteristic of certain of the purer (oligotrophic) types of waters 
containing relatively scanty nutriment(48.67.«3«. 187). Many Desmids, 
however, occur amid other Algae in the quiet margins of pools and 
lakes. West regarded the frequent armour of spines and processes as 
a means of defence against the attacks of small aquatic animals, 
especially pointing out that on wet rocks and in other localities where 
Amoebae, Oligochaetes, etc. are either absent or very scanty, the 
Desmids present usually possess a comparatively simple outline. 
This may, however, be due to other causes. 

The only area from which Desmids are seemingly practically 
absent is the Antarctic continent. As knowledge of the geographical 
distribution of members of this family increases, it is becoming 
apparent that they are by no means ubiquitous. True, a certain 
number of species seem to enjoy a practically world-wide distribution. 
There are many, long since described and easily recognisable species, 
however, which have only been recorded from certain parts of the 
world and the Wests (185) were among the first to draw attention to 
what seem to be definite American, Arctic, African, etc. types (cf. 
also (49)). Since most Desmids so rarely form zygospores, dispersal 
over any great area is probably slow; the ordinary individuals are 
very sensitive even to partial drying, and submergence in seawater is 
equally fatal. Under these circumstances carriage over any wide 
expanse of sea by birds is out of the question, except for very small 
species which do not present any great surface or for the rarely 
formed zygospores. Dispersal has probably mainly been effected 
over land-surfaces by slow steps from one piece of water to another, 
and it is therefore possible that a sound knowledge of the distribution 
of Desmids would shed considerable light on the question of the 
land-connections existing in recent epochs of the earth s history. 

There is no doubt that some Desmids can withstand considerable 
desiccation, for example those that occur among Mosses on rocks( 68 ) 
but the bulk of these are small forms (many of them Mesotaenioideaej 
that present no large surface. An analysis of the Desmids in Bohlin 
list of Algae from the Azores ((.3) p. 24) also shows that the forms 
involved are small or are such as readily form zygospores. 

Within limited areas the distribution of Desmids seems larg y 
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conditioned by ecological factors. They thrive best in soft water and 
they are usually most numerous in peaty water which has a trace of 
acidity. In cultures a neutral or slightly alkaline reaction has been 
found most suitable and, with rare exceptions (Closterium moniliferum), 
they do not appear to be able to thrive with organic nutriment 
(1.137.176). Except for a few species (e.g. Cosmarium dovrense , 
Oocardium stratum) they do not flourish in water containing carbonate 
of lime in solution (cf. however (62), (137)), although the element 
calcium is essential for their growth(176). A further consideration of 
these matters is outside the scope of this book. 


Interrelationships and Affinities of the Conjugales 

There still remains the question of the relation of the two series of 
Conjugales that have been distinguished in the preceding pages. The 
primitiveness of the Mesotaenioideae is clear, not only in their 
relatively simple chloroplasts and wall-structure, but also in the 
apparently normal production of four individuals from the zygote. 
The fact that some Mesotaenioideae produce only two, whilst 
Demidioideae may occasionally form four, does not in any way detract 
from the obvious primitiveness in this respect of the former. But 
with our present knowledge it is impossible to link up the Desmidioi- 
deae, with their complex wall-structure, with the other forms 
although analogies are perhaps to be found in the membrane-structure 
u™™ Zyg^mcndeae ((, 63 ); also (.3*) p. 3 4 «). For the time being, 
however it will be well to bear in mind the possibility of a separate 
Euconjugatae and Desmidioideae. 

0 ther a rr!! th 4 °r tie8 haVC Sharply se P arated the Conjugales from the 
do P u A1 g ae(, *.**5.i8 9 ), but for this there is no warrant. They 

or S.°nhn 7 m ° re , < T standing Peculiarities than the Oedogoniales 

whicIf lTP 3 * and * he absence of motile reproductive stages, on 

in the Chinn Stress has been la,d . ,s a feature which occurs widely 

agree ahoiX° C 7?- U® ° ther hand in their metabolism they 
3g £f aIt °gether with other Green Algae (57. .30). * 

jugation Tf fi marked chara cteristic is no doubt the process of con- 

Green AIp J 7 f a ™° eboid gametes is not uncommon in other 

Md in varimiP Ch 77 f ° r ex T pIe in s P e cies of Chlamydomonas 

former in whthth P(P ' 2S7) ' In th ° Se s P ecies of ^ 
which th* h - thC gametes are covered with a membrane and in 

is formed linkin' 8 d ' SCarded P rior to sexual fusion, a kind of canal 

conjuration*of 1 ^ “ P *7"° C ? 1,S <5 f ' fig ‘ 2 5 L. p. I13 ). The 

is S T 1 • e tS ametos » as described by Moewus ((,„«> p .171) 

o“^r„tc r rT b ' anCC “ ,he ? r r eSS ° f f-on inone 

eae or even in one of the Zygnemaceae ((12) p. 168). 
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In the light of these facts there does not appear to be much difficulty 
in visualising the origin of the process of conjugation. Perhaps a 
greater difficulty in deriving the Conjugales from a simple chlamydo- 
monadine origin is to be found in the undoubted primitively axile 
chloroplasts of the former class. 

Schussnig(iss) has suggested a derivation of Conjugales from the 
line of evolution of the Chlorococcales which likewise show a tendency 
to the suppression of motility. This view is based on the concept that 
the nucleus of Conjugales is a compound structure and presumes that 
the ancestral forms were multinucleate. The conjugating cells are 
regarded as gametangia which have become uninucleate. There does 
not appear to be any adequate evidence in favour of this hypothesis. 

Earlier views that related the Conjugales to the Bacillariophyceae 
(Diatoms), with which there is considerable superficial similarity, and 
to the Dinophyceae (Peridinieae), for which there was really never any 
valid reason, are only of historical interest and need not be discussed 
here. 

The following is a synopsis of the classification adopted in the 
preceding account: 

Suborder I: Euconjugatae: 

(a) Mesotaenioideae: 

1. Mesotaeniaceae: Ancylonema, Cylindrocystis, Mesotaenium, 
Netrium, Roya, Spirotaenia. 

( b ) Zygnemoideae: 

2. Zygnemaceae: Debarya, Spirogyra, Zygnema. 

3. Mougeotiaceae: Mougeotia, Sirogonium, Temnogametum, 
Temnogyra, Zygogonium. 

4. Gonatozygaceae: Genicularia, Gonatozygon. 

Suborder II: Desmidioideae: 

5. Desmidiaceae: 

(i) Penieae: Penium. 

(ii) Closterieae: Closterium. _ 

(iii) Cosmarieae: Arthrodesmus, Cosmarium, Cosmocladium, 
Desmidium, Docidium, Euastrum, Gymnozyga, Hyalotheca, Micras- 
terias, Onychonema, Oocardium, Pleurotaemum, Sphaerozosma, 
Spondylosium, Staurastrum, Xanthidium. 
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Order VIII. SIPHONALES 

The outstanding feature of the Siphonales « the «re production of 
septa, the variously branched filaments of wh.ch the thallus^s 

commonly composed affording the most typxca ex structure of 

cytic construction to be found among the A'f^^^oughout 

these filaments is, generally speaking, o a um lining layer 

the group. The cytoplasm forms a moderately thick uni g j 
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beneath the wall and bounds a continuous central vacuole occupied 
by sap; where special mechanical devices are absent, as for instance 
in the common Vaucheria, the threads consequently collapse as soon 
as the protoplasm is killed and turgor no longer comes into play. 
Within the lining cytoplasm are situated many discoid chloroplasts, 
commonly possessing pyrenoids, whilst internal to them are found 
numerous small nuclei do). In the growing apices chloroplasts and 
nuclei often show an inverse arrangement (da) p. 267, (65)). 

1 he vast majority of the Siphonales inhabit the sea, more especially 
in the warmer regions of the earth, and the only freshwater repre¬ 
sentatives are furnished by some of the Protosiphonaceae and the 
Yaucheriaceae, the latter combining a simple vegetative construction 
with the most advanced reproductive mechanism. The vigorous 
development of the order in a marine environment is exemplified by 
Bryopm (fig. 117) and Caulerpa (fig. u8), in which the coenocyte 
attains to marked morphological complexity, the elaborately 
organised Dasycladaceae with a plant-body built up by dense 
aggregation of whorled branches (fig. 123 et seq.), and the Codiaceae 
with a compact thallus composed of closely apposed and intertwined 
coenocytic threads (fig. 133). The last two families show a great 

manTpjf paralld,sm w,th the dominant types of construction in 

Sinhon^ ae ° Ph> k eae i an< ? Rhodo P h y ceae (cf. p. 23). Many of the 
a S “ S H ar r bUndant,y / nCrUSted With carbonate of lime and play 
P* 1 ? h (° r ™ at ‘°" of marme calcareous deposits, a role which 
they have evidently fulfilled since remote geological ages as a con 

s.derable number of fossil species and genera are known fromthe 
devdo' t,m ? ° nw k ards < cf - P- 397 ). AH The forms so far mentioned 

m embers ^ 

readily senes as a nmmL T u b, P honale s‘«4. a . 7 ), and which 
authorities assume some such origin VoTchhfr S,ph °, nales ; . Most 



3?o 


SIPHONALES 


\^d) THE FAMILY PROTOSIPHONACEAE 

The best known member of this family is Protosiphon botryoides 
(Kiitz.) Klebs (06 a), (108), (124a) p. 499), which commonly frequents 
the damp mud round the edges of ponds and other similar situations. 
A slightly different form has proved to be abundant on the desert 
silt in Egypt (71.136 6 ). Protosiphon is usually intermingled with 
Botrydium granulatum (p. 495) with which, prior to Klebs’ investiga¬ 
tions, it was confused (166). The coenocyte is normally differentiated 
into a green spherical or tubular aerial portion and a colourless rarely 
branched subterranean rhizoid which may reach a length of 1 mm. 
(fig. 115 A). Such forms show considerable resemblances to Codiolum 
(p. 154) which, however, is uninucleate. Both parts of the Protosiphon- 
plant are occupied by a continuous vacuole, the parietal cytoplasm 
beneath the thin cellulose wall harbouring numerous nuclei and, in 
the aerial portion, a reticulate chloroplast with a number of pyrenoids 
(fig- 115 E, c). 

Protosiphon does not, however, always appear in this well-defined 
form. Iyengar(100) records it as commonly growing on walls in India 
where the individuals, on the upper and drier parts, show a progressive 
abbreviation of the rhizoid until forms are obtained which are scarcely 
to be distinguished from a Chlorococcum- cell. In cultures Klebs also 
observed branched thread-like growths. 

The young spherical individuals can multiply by successive division 
of the contents into 4-16 rounded parts which, after acquiring mem¬ 
branes of their own, grow into new plants, a method of reproduction 
altogether like that of many Chlorococcales. Fully grown individuals 
frequently exhibit lateral budding of the aerial portion (fig. 115 E); 
the buds subsequently become cut off by a wall and form new plants, 
although they may often cohere for a time and may even in this way 
give rise to short septate filamentous growths. 

When plants of Protosiphon are submerged the protoplast divides 
to form a considerable number of biflagellate uninucleate swarmers 
(fig. 115 F), which are liberated through an apical opening. The 
swarmers (fig. 115 J) usually behave as gametes and sometimes show 
some differences in size; gametes from the same parent-individual 
may copulate with one another(124a). The quadriflagellate zygote soon 
forms a thick-walled lobed resting spore (fig. 115 B )- In the absence 
of fusion thin-walled parthenospores (fig. 115 C) are produced which 
can germinate direct or may at an early stage form further swarmers 
(fie. iic D). The individuals arising from parthenospores remain 
spherical for a considerable time, gradually enlarging and becoming 

multinucleate (cf. fig- 115 I)- . , rvto _ 

As a result of desiccation or exposure to strong insolation the cyw 
plasm becomes broken up by centripetal furrows into a number ot 
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R 8 ; v "^.r' J : *? t0siphon botryoides (Kiitz.) Klebs; A. a normal plant- 

f a me 8 F^,’.HH P p enOSP ° r ? : D ,’ formation and liberation of swarmedfrom 
r""* ,’ f E ’ b y dd ' ng • F * a P ex of » P^nt commencing to form swarmers; G cyst- 
format,on (cysts partly empt.ed); H. group of plants grown in a nutnent 
solution, I, young cell formed from swarmer; J swarmer K—R p n //i% / 
paradox alls Miller; K, section of mature cell . T 

Ms warmer-formation; N, formation of large scores • (? swarmer libe™£ d 1 
P-R. dl verse swarmers from the same mother-cd, V. chlom^ k Cno'* 

?A-D ( F H afte n r UC K, U h ^.thizoid; r. swarmer; i, vacuole 

(A D, F, H after Klebs; E, G after Rostafinski & Woronin- I I 
Moewus; the rest after Miller from Printz.) * 1# J fter 
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hypnospores, often with a thick membrane and red-coloured contents 
(fig. 115 G). These either grow into a new individual direct or give 
rise to swarmers. Protosiphon is probably haploid (124a). 

Halicystis(is. 113.134) 1 is represented by two species in the Atlantic 
and Pacific oceans, growing at or below the level of the lowest tides. 
The plant consists of an oval or spherical vesicle, as much as 3 cm. 
in diameter (fig. 116 M, N), continued below as a slender rhizome 
(fig. 116 B, H, I) which may be somewhat branched or tuberous, and 
which is deeply embedded in the calcified crusts of the red alga 
Lithothamnion. In the marginal cytoplasm of the vesicle the nuclei 
are peripheral and the numerous chloroplasts form a layer adjacent 
to the large central vacuole. The protoplasm in the rhizome of older 
plants is arranged in longitudinal folds which nearly obliterate the 
central vacuole. Similar, but lower folds appear in the vesicle prior 
to and during the formation of reproductive areas. 

Swarmer-formation is initiated by an accumulation of cytoplasm 
in localised areas which are usually towards the apex of the vesicle. 
These fertile regions are cut off from the vegetative portion by a thin 
cytoplasmic layer only (fig. 1 16 A, /). Kuckuck(«i3) records numerous 
biflagellate swarmers of two kinds produced from separate plants 
(fig. 116 C, D). Hollenberg (cf. also 088)) informs me that there is 
a forceful discharge of swarmers (cf. fig. 116 F) through one or more 
pores (fig. 116 A, p) which develop in the wall. Cytoplasm migrates 
into the region thus rendered nearly empty, after which successive 
crops of swarmers may be produced at regular, bi-weekly intervals 
which are correlated with the tides. Hollenberg finds that the 
swarmers are macro- and microgametes, having observed their fusion 
(hg. 116 E) and the germination of the zygotes (fig. 116 G). 

A filamentous branching protonemal structure (fig. 116 K) results 
which may grow over the substratum for some distance but, after 
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M^Hoillnhe 11 * XCep 5 H ,n I,6 » as wel1 35 for the following account. 
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area with the limiting cytoplasmic layers (/); B, longitudinal section of a 
mature rhizome showing basal thickening of the wall of the vesicle the line 

wJl • clemale^d D mS" 810 ° f “ ” C p Vesid ? [ n) by the formation of a cross¬ 
wall, C, ‘cmale and D, male gametes ; E, sexual fusion ; F, diagram to illustrate 

I. W°H efUl d,Scharge °f. the gametes; G, germling three days after fertilisa- 
on, H, perennatmg rhizome; I, rhizome dissected out of Lithothamnion' 

J, plants, one year old; K, branching protonemal growth of germlinir- 

of th!?Sf C V l,ke 8r . owth of ^thothamnion which often forms around the base 
of the plant enclosing the rhizome, the vesicle being borne at the apex of the 

the H« d . e * M * N ’ P lants 7 ,th mature reproductive areas and pores those with 
the darker areas are females (enlarged about four times), p, pore of dehiscence. 
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rhizomes have been formed by penetration of the Lithothamnion, is 
finally represented by a short erect filament only (fig. 116 J). Growth 
of the plant is very slow, the small vesicles first produced being almost 
Hush with the surface. Successively larger vesicles develop as the 
rhizome becomes well established. Towards the end of the growing 
season the vesicular portion of the plant is often shed, becoming 
detached at a line of abscission (fig. 116 B, a) which is previously 
formed. This may be preceded by the development of a new vesicle 
(fig. 116 B, «), arising by the formation of a curved cross-wall between 
the rhizome and the old vesicle. Such a process of regeneration may 
take place for a number of successive seasons (cf. Acetabularia 
P- 395 )- 

Another striking member of this family is Follicularia ( 123), at present 
only known from freshwater in Central Russia, in which the spherical 
coenocytes (fig. 115 K) are free-floating. They occur either singly 
attached to one side of a wide gelatinous envelope formed by periodic 
gelatinisation of the outermost layer of the wall, or as colonies of 
6—32 small cells of unequal size enclosed in a common envelope; several 
envelopes may be present, one within the other. The parietal cyto¬ 
plasm includes numerous densely apposed, more or less prismatic 
chloroplasts, each with one pyrenoid, and internal to them numerous 
small nuclei (fig. 115 K, L). 

Reproduction is effected by simultaneous division of the contents 
into 8-32 multinucleate parts of unequal size (fig. 115 N), which are 
liberated by gelatinisation of the envelope and grow direct into new 
individuals. In other cases there is division into more numerous parts 
(fig. 115 M) which are liberated as swarmers (fig. 115 O), many of 
which are compound with several nuclei, a number of pyrenoids, and 
several pairs of apical flagella (fig. 115 P-R). These swarmers are 
asexual and give rise to new coenocytes after coming to rest. Thick- 
walled hypnospores may also be formed in place of the swarmers. This 
peculiar genus is of interest in view of the compound character of its 
zoospores which show some resemblance to those of Vaucheria. 
Schussnig’s Sphaerosiphon (176), an epiphyte on marine Algae, possesses 
a very similar structure, the only method of reproduction known being 
by means of aplanospores. 

Printz(«58) refers Halicystis to the Valoniaceae, but it appears more 
nearly allied to the forms just considered, all of which as a matter of 
fact serve to connect the Chlorococcales with the Valoniaceae. 

t/{b) THE FAMILY CAULERPACEAE 

There appear to be no good reasons for referring Bryopsis and 
Caulerpa to distinct families as is usually done, since the simpler 
forms of the latter do not differ in any essential respects from the 
former. Both exhibit a pronounced morphological elaboration of the 
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coenocyte, without any tendency towards the pseudoparenchymatous 
construction that characterises Codiaceae and Dasycladaceae. 

Bryopsis. The genus Bryopsis, with its delicate bi- or tri-pinnate 
fronds, is most abundantly represented in warmer seas, only B plu- 
mosa (Huds.) Ag. ((8 7) pi. 3) (fig. „ 7 A ) and B. hypnoides Lamx. 
((87) pi. 119) being found in spring or early summer on British coasts, 
usually near or below low-water level. The plants consist of an 
inconspicuous, creeping, filamentous and little branched rhizome< I5 > 
anchored by rhizoids and giving rise on its upper side to relatively 
thick vertical threads which are usually naked below, but higher up 
bear more or less pinnately disposed laterals (fig. 117 M). These 
themselves exhibit a dense and regular pinnate branching (fig. r 17 B) 
commonly in one plane, the pinnae being formed in acropetal suc¬ 
cession and mostly decreasing regularly in length from the base to 
the apex; this latter feature is especially marked in B. plumosa 
(hg. 117 A). In B. corticulans Setchelh.s,) rhizoidal outgrowths 

rx f r z . a . s ;c: f ,; he pinnae and form a 

“ nstri f ,ion .« < h <= point Of origin of each pinna 
(hg. 117 F), and here the otherwise rather thin membrane, which is 
composed of callose and pectic substances with traces of cellulose <, J4) 
shows a slight degree of internal thickening. No true septa are 
however, formed prior to the reproductive period, and the entire 
Bryopsis plant contains one continuous vacuole lined by the cytoplasm 
containing the numerous nuclei and chloroplasts, some of which are 
commonly devoid of pyrenoids<66). The cytoplasm often shows 

although ir U doubts ^Ter Th 7 5 “o;curs m rnonh Per ' nna,i0n ' 

systems, so that the growth is generallv v • erect 

plication readily takes nlace hv k ' tu f te< ? - ^ egetative multi- 

plugged at theVoinrof abstrktln anH Cnt ^ TT Which beco ™ 
before detachment(.68,. The only othe^ m^thod of P rh ! Zoids 
sexual, the pinnae from below upwards ^production is 

gametangia producing two kinder et -°m«ng converted into 

Plants. ^ "" diS,i " C ' 
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i. 1 17. Structure and reproduction of Bryopsis. A, D IF, H with 

uds.) Ag.; A, habit; D, male and E, female gametes; F, |partof a P“™ base 

nale gametangia; H, J, K, normal sequence of sep septum is not 

a gametangium; I, abnormal case where the c osur , .j g q 

sompanied by marked gelatinisation of the first-formed wall, o, 
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(fig. 117 F, s), although occasionally such septa are lacking and the 
production of gametes then takes place also in the main axis. The 
septa (124) arise by the formation of a ring-shaped thickening (fig. 117 
H, ri) around the constricted base of the pinna, the layers of thickening 
gradually swelling so as to leave only a narrow cytoplasmic connection 
between the pinna and its axis. Subsequently this strand of cytoplasm 
is ruptured and two membranes (m) arise on either side of the original 
thickening ( g) which usually gelatinises to form an intervening 
structureless mass (fig. 117 J, K). 

The protoplasmic contents of the gametangia increase and the 
chloroplasts multiply by division, the pyrenoids gradually dis¬ 
appearing in those of the male gametangia. Later the contents assume 
a reticulate arrangement, and this is followed by simultaneous 
formation of the gametes which are liberated by gelatinisation of the 
apex of the pinna. The gametes are pear-shaped with two apical 
flagella, the female (fig. 117 E) about three times as large as the male 
(fig. 117 D) and provided with a prominent chloroplast with a pyrenoid 
by contrast to the small yellowish plastid of the male. The zygote 
soon assumes a rounded form and germinates direct to form a new 
plant. Schussmg(.8a), without giving details, states that reduction 
occurs during gametogenesis (cf. Codium). 

h»K> e IV l edit f rranea 4 n Pteudobyopsis «a 7 ). (.46) p. 403), with the same 
habit as Bryopsts, is distinguished by the presence of septa at the bases 
of the pinnae even ,n the vegetative condition, and more particularly 
by the development of special oval or pear-shaped gametangia arising 
as lateral outgrowths from the basal parts of the lower pinnfe and cu* 

sn, Li?*f he USUa W8y ^ 3 SCptUm (fig - 1 *7 N). In the development of 

SSL g ZT?" 8,a *k S exhibits a hi « her differentiation than 

Bryopsts and approaches the Codiaceae. 

Bryopsis has frequently been used for polarity experiments since 
inversion is readily obtained (cf. (.4.), («44>. O94), (*24'). In dull light the 

andif°a^ e a ru a,naXe i S the pinnae easil y « row out into rhizoids 

observed. " P,amed UpS,de d ° Wn ‘ the same Phenomenon is 

Caulerpa. The majority of the species of Caulerpa attain to a far 
higher morphological differentiation . 1 They are most widely repre 
sented in the Tropics,although the classical C.prolifera (Forsk )La™. 

_‘ See (,,,) > (2a) > ( *«>. <*S), (131). (165), (ioi), (*14). 


o. from , b ‘ s “ ° f 

N, part of plant with metLnVi. M » h *' G .’ 2 >' 8 ot es; L. sexual fusion; 

rhizome; Iprigh, .hSS-? St.i H “rymbosa J. Ag. ( habit, 

apposed to latter; r, rhizoid ri^rinvof?h^VW . m . att * r ? f se P ,um *. membranes 
(A, C after Setchell & Gardner- B :, * septum - 
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(fig. 118 I) occurs abundantly in the Mediterranean (163), where in 
recent years a second smaller species (C. Ollivieri) has been found by 
Dostal( 57 >. Species of Caulerpa often cover extensive tracts of the 
sea-floor, mostly in relatively shallow and moderately quiet waters 
(e.g. of lagoons protected by coral-reefs), and several of them (e.g. 
C. prolifer a ^ C. crassifolia) are of interest as being among the few 
marine Algae which are not lithophytes, their long creeping rhizomes 
being “rooted” in sand or mud; a large number, however, grow 
attached to rocks, dead corals, etc., and some of these can thrive in 
localities exposed to a certain amount of wave-action. A supposed 
fossil species described by Murray (132) is probably of an altogether 
different nature. 

The general plan of construction is much the same in all cases 
(fig. 118). A prostrate more or less branched cylindrical rhizome, 
which in the forms inhabiting sand may be as much as a metre in 
length, bears numerous well-branched anchoring rhizoids (r) below 
and a number of upright assimilatory shoots, sometimes reaching a 
length of 30 cm. on its upper side. In Caulerpa fastigiata (fig. 118 A) 
the upright shoots consist of irregularly branched threads like those 
composing the rhizome, and such a form is but little removed from 
Bryopsis or one of the simpler Codiaceae. In a large number of 
species the rhizome bears upright cylindrical axes upon which are 
borne lateral outgrowths (assimilators) which are commonly flattened; 
their form and arrangement, however, varies greatly, so that the 
upright axes simulate to a remarkable degree the habits of the shoots 
of diverse higher plants. Thus, in C. verticillata (fig. 118 B) these 
“leaves” are cylindrical and whorled giving the habit of a Chara\ 
in C. Selago (Turn.) Ag. they are long, subulate, imbricate structures 
densely covering the upright axes; while in C.hypnoides( R. Br.) Ag. 
the habit is moss-like. Among the most striking forms are C. macro- 
disca Decne. and C. Chemnitzia (fig. 118 D), the appendages of the 
former resembling the leaves of a Pennywort. Similar leafy outgrowths 
sometimes occur as “scales” on the rhizomes. 

By contrast to these forms with more or less radially organised 
erect axes are a considerable number in which the latter are bilateral. 
Thus, in C. taxifolia (fig. 118 C) the laterals are arranged in two rows, 
so that the upright axes recall the shoots of a Yew. In other species 
the erect axes appear as flat, leaf-like, shortly stalked assimilators 
arising directly and commonly in two rows from the rhizome, n 
C. crassifolia Ag. and C. scalpelliformis (fig. 119 A) they are pmnately 
branched, but in C. prolifera (fig. 118 I) they are entire broad leaty 
structures, commonly (especially in exposed localities) pro ucing 
secondary assimilators on their surface. 1 


1 With respect to the conditions of their formation, see (183) 
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Both Svedelius(2oi) and Boergesen (19) regard the radial types as 
more primitive than the bilateral ones, since the latter are often radial 
at the base. Moreover, the two types of shoots are not uncommonly 
found on the same plant and several species are known in which both 
radial and bilateral forms occur in different habitats (e.g. C. cupres- 
soides, fig. 118 H). Svedelius suggests that the bilateral types, with 
more or less broad leafy erect axes, possess an especially advantageous 
assimilatory equipment, but are ill suited for growth in disturbed 
water. Such forms do not in fact occur in exposed localities. 
According to Boergesen the radial forms are practically restricted to 
shallow water, whereas the bilateral types occur both there and in 
deep water where they play the dominant role. Some of the more 
plastic bilateral species show a more and more marked distichous 
arrangement of the laterals in poorly illuminated situations (muddy 
or deep water). The Mediterranean C. prolifera extends to a depth 
of 15 metres, while other species have been found down to 50 metres 
and even lower. 

Svedelius and Boergesen (cf. also (17)) have materially contributed 
to our knowledge of the ecology of the Caulerpas. Both distinguish 
three groups of forms distinctive of different habitats. C. verticillata 
(fig. 118 B), which usually occurs on rocks, collects large quantities 
of fine mud and organic detritus amidst its felt of thread-like rhizomes; 
these exhibit an oblique or often an almost vertical growth and are 
thus able to reach the surface when covered. The second group is 
constituted by the species inhabiting the sandy or muddy bottom in 
shallow or deeper water. In many of these the tip of the rhizome is 
pointed, so that it can bore its way through the substratum. The 
rhizoids are at first undivided, but at a depth of 2-3 cm. branch 
richly, so that uprooted plants often bring with them a whole clump 
of sand fastened together by the branches (cf. fig. 1x8 C). Boergesen 
cites C. cupressoides (fig. 118 H) as the most characteristic species of 
this group. In the third group we have the forms inhabiting rocks 
and coral-reefs, of which one of the most important is C. racemosa 
(fig. 118 G), represented by diverse forms, partly growing in exposed 
and partly in more sheltered localities. The rhizoids of these rock- 
inhabiting forms usually divide immediately beyond the point o 

origin from the rhizome. . . 

Not only is there an immense range of form among the species o 
the genus, but there is also considerable variability in individual habit. 
In situations more exposed to the action of waves, several o t e 
plastic rock-inhabiting species exhibit a reduction of the erect axes, 
which then occur only at relatively wide intervals, and a grea 
development of the rhizome whose branches become felted toeetner, 
so that irregular cushion-shaped growths are produced (fig. 11 *. ' 

The rhizoids in such cases fasten themselves to all the irregu 
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in the rock and secondary rhizoids commonly develop from the erect 
axes. Tandy (233) records other instances of plasticity. 

Internally the Caulerpas, like Bryopsts, are characterised by the 
complete absence of septation, central vacuole and lining cytoplasm 
with chloroplasts 1 (devoid of pyrenoids) and nuclei being continuous 
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throughcm' the plant; in C. hypnoid's, however, a small cell is cut 
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pla s m is to be found. Caulerpa is specially distinguished by the 
abundant development of more or less cylindrical skeletal strands 
( 48 ..oi > , 3 6 a . , 3 9 . 2 o° ) traversing the central cavity in all parts of the 
thallus. These are most strongly developed as a rule in the rhizomes 
where they form an almost radial system, often knotted together in 
a prominent manner in the centre (fig. 120 A), whilst in the flat 
assimilators they run irregularly from surface to surface (fig. 120 B); 
they are absent or poorly developed in the rhizoids. 



Fig. 120. Structure of Caulerpa prolifera . A, section of rhizome, somewhat 
diagrammatic. B, longitudinal section of assimilator. C, part of the wall with 
pieces of two skeletal strands, c, surface-layer of wall; /, longitudinal and 
t, transverse skeletal strands; s , first-formed part of skeletal strand. (C after 
Dippel from Oltmanns; the rest after Oltmanns.) 


The strands differentiate from rows of microsomes that appear 
within clearer areas of the dense apical cytoplasm (101,200). They are 
either connected with the membrane ab initio or are at first free at 
one or both ends. Originally thin, like the young membranes (c . 
fig. 120 C, s) y they gradually increase in thickness by the apposition 
of successive strata which are continuous with those deposited on t e 
longitudinal walls and which lead to the rapid increase of thic ness 
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of the latter behind the apex (fig. 120 C). Both the membrane and 
the skeletal strands, therefore, exhibit a marked stratification due to 
the different density of the successive layers. Moreover, the axial 
part of each strand extends through the thickening layers of the 
longitudinal walls up to the surface strata of the latter, giving a firm 
connection (fig. 120 C). 

The longitudinal walls, as well as the skeletal strands, consist of 
callose, pectin, pectic acids, and pentose, no cellulose being present 
(i*4>. At the growing points the strands occur closely crowded, but 
in the older parts they become rather more widely separated. Although 
most of the strands run roughly perpendicular to the surface, a certain 
number follow a longitudinal course (fig. 120 B, /) and serve to con¬ 
nect up the others in the longitudinal direction. Every skeletal strand 
is enveloped on all sides by cytoplasm, but there are also numerous 
independent cytoplasmic strands traversing the central vacuole and 
often showing marked streaming(101,102). 1 Apart from these strands 
the membrane of diverse species of Caulerpa also shows numerous 
peg-like internal projections (36). 

No definite conclusion has yet been reached with respect to the 
function of the strands. Noll (140) established that solutions of mineral 
salts diffused more rapidly through the strands than through the 
cytoplasm and, since the latter is everywhere in contact with them, 
this feature may be of some significance. The considerable area over 
which the protoplasm is spread with the help of the strands may well 
afford some of the advantages in the way of enlargement of surface 
provided by the numerous walls of a multicellular plant. The strands 
have also been regarded as mechanical devices to resist turcor 
pressure due to an occasional high osmotic value of the sapo.n but 

Va vi 0t k C T am y L established that such high pressures are realised 
and Micheelsu^ has even maintained that the osmotic pressure in 

r I® bel ° W J th J at of seawa ter. The diverse views as to the 
function of the strands do not necessarily contradict one another 

forZrr" 1 t,mCS thC °"!y method of reproduction established 

dvin. P Tt ve ff at,ve - Th,s takes place abundantly by a gradual 
dying away of the older parts of the rhizomes, whereb/the bfanches 

is effTcted Dis ^ ?? rapid multiplication 

able raoidlv m XtT by detached fragments which are 

aoie rapidly to heal any exposed surface and possess a remarkable 

Tn er .q28 re Dos t aT I ‘ n8 " eW '° dged a sui,able Potion. 

in 1920 Dostal( 5 «) reported the discovery in the autumn of the 

rBWnH year ° f el ? gated papi,,ae assimilators (Tfig a 
A B) and more rarely on the rhizomes of C. prolifera ■ these he inter 

preted as poss.ble gametangia in view of the^ presence of whai 
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appeared to be swarmers in the abundant mucilage exuding from the 
apex of some of the papillae. Subsequently he ((s*); cf. also (53), (177)) 
showed that the swarmers are formed within the assimilators and that 
the papillae only serve for their liberation. Prior to the formation of 
the papillae the fertile assimilators acquire a variegated appearance, 
owing to massing of the green contents at certain points, while others 
become yellow; this paling effect may also show itself in the rhizomes 



Fig. 121. Reproduction of Caulerpa prolifera (after Schussnig). A, B, two 
fertile assimilators, with papillae through which the swarmers are liberate . 
C, D, swarmers of two sizes (the difference in size somewhat exaggerated). 
E, single papillae; a, unopened; b, c, successive stages of gelatimsation; 
m, mucilage; p, papilla; s, stigma. 

owing to withdrawal of some of their contents. In the green regions 
the cytoplasm exhibits a reticulate arrangement and it is here that 
the uninucleate swarmers are formed. They are liberated rapi y 
through the apices of the papillae in a mass of mucilaginous matter 
(fig. 121 E) which not only fills the papillae but exudes in large quan¬ 
tities from their tips. . ... . Kavp 

These phenomena are not observable only in C. prolifera, but 
since been met with in C. Ollivieriisi.ss) and in material of a number 
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of other species ((4), (58) p. 509, (63)). According to Dostal(s3) and 
Ernst (63) the whole plant in many species disorganises soon after the 
liberation of the swarmers. As Dostal has pointed out, the process 
of swarmer-formation in Caulerpa shows resemblances to that of 
Valonia (p. 424). 

The biflagellate swarmers (fig. 121 C, D) are more or less pear- 
shaped, but exhibit some change of form, the anterior extremity being 
sometimes drawn out like a pseudopodium. They possess a single 
curved chloroplast without a pyrenoid and a prominent elongate 
stigma. Schussnigd77) and Ernst (63) distinguish two kinds of 
swarmers (cf. also dooai), those of C. prolifera being of about the same 
size, but the one (fig. 121 D) narrower than the other and more active 
in its movements. In C. clavifera Ernst describes brownish green 
sluggish macroswarmers and bright green active microswarmers 
formed from distinct plants. It is exceedingly probable that the two 
kinds of swarmers represent gametes, but there is as yet little evidence 
of their fusion ((100a); cf. ($6), (63)). Ernst goes so far as to suggest, 
however, that the polymorphism of Caulerpa may in part be due to 
hybridisation. Earlier doubts (184) whether the swarmers really be¬ 
longed to the life-cycle of Caulerpa may now pfobably be dismissed. 

According to Haberlandt(Si) and ZimmermannU3U plants of 
C. prolifera show marked geotropic irritability, the rhizome being 
diageotropic, the rhizoids positively and the assimilators negatively 
g !®* rop *«- The .curvature takes place some distance behind the apex 
ot the rhizome in a region where Haberlandt finds starch-grains which 
he believes function as statoliths. If a rhizome is inverted the first 
“ . and ass * m >lators are formed as before on its morphological 
to thl 1 U A Per S,deS res P ectivel y> but curve at their tips to respond 
In ,he n!wl geo,r °P lc stimulus; after 2-3 days, however, the polarity 
■ n ,h. newly grown stretch of rhizome has become inverted and 

to thltriem f SS,m, ‘ a ' ors , arls ' *" ,hei t customary positions in relation 

IhowtXritl k a De,ached P'cces of assimilators likewise 

asZiTaroU T develo P ,ng especially from their base and new 

froTmlmr, ,P T ,h ; S 18 mora Pronounced in p.eces taken 

abu^dmtTv useH lm at ° rS " ° m yOUng ° nes - Cou/erpu has been 

but furth^ dir ‘ nves,,gat,on , s P°'atity and growth-correlation, 
out lurther details cannot be included here. 1 


(c) THE FAMILY DERBESIACEAE 

» T p h ecies at favour 0 wr d mari " e ge " US "tost of whose 

(6^2 A cTan a Td r K ea , S V P uT SSeS a Cree P in ® irre « ular rhizome 
of upright Ihreadt wb by lobed haptera (ha) and bearing dense tufts 
P ght threads whose degree of branching varies with the species. 

See (49),(50), ioj-104), (109), (t 4 i), (209). 
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The upright threads show marked phototropic sensitiveness(«o. The 
structure is typically siphoneous, except that at the base of each 
branch of the erect system a pair of septa delimiting a small cell are 
often formed. The central vacuole commonly contains protein-bodies 
(79,117.143) which appear as crystalloids (fig. 122 B), sphaerocrystals, 



Fig. 122. Structure and reproduction of Derbesia. A, D. neglecta Berth., 
habit. B, D. F, D. Lamourouxi (J. Ag.) Sol.; B, protein-crystalloids from the 
cell-sap; D, typical chloroplasts; F, septum-formation. C, D. tenuissima 
(De Not.) Crouan, base of plant growing on Cladophora (h), with three 
sporangia. E. G, H, D. marina (Lyngb.) Kjellm.; E, f oos P° rangl “[r f ; TT “: 
zoospore; H, insertion of flagella on the double blepharoplast ( b ). e, rhizome, 
e, upright threads; ha, hapteron; m, membrane of septum; r pnmao rg 
of septum ; s t sporangium or swarmers. (B, D after Ernst, 

F after Mirande; G, H after Davis; the rest after Boergesen.) 
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or as fibrous masses, the latter being responsible for the blue-green 
fluorescence often exhibited by this alga. Ernst (62) has also reported 
the presence of crystals of calcium oxalate in D. tenuissima. The 
chloroplasts in most species are spindle-shaped with 1-3 pyrenoids 
(fig. 122 D), but in plants growing in deeper water and less well 
illuminated they become smaller and discoid and contain no evident 
pyrenoid. 

Reproduction is effected by curious inultiflagellate zoospores which 
are formed in oval sporangia (fig. 122 C) arising as lateral outgrowths 
from the upright threads. The sporangia are cut off by a complex 
septum (fig. 122 F) which appears to have the same structure and to 
be formed in the same way as in Bryopsis (cf. p. 377 and («2 4) ) 
Davis Us) has shown that within the sporangium a large number of 
the nuclei degenerate, the protoplasm subsequently becoming cleft 
about the surviving ones (fig. 122 E), so that the resulting 8-20 
swarmers are uninucleate. The latter (fig. 122 G) are large and slightly 
flattened at the anterior end, where there is a ring of flagella arising 
from a double ring-shaped blepharoplast (fig. 122 H, b) - they contain 
a large number of chloroplasts. Their fate is unknown. 

!n its habit Derbesia shows some resemblance to a Brvofisis 
especially if the sporangia in accordance with several authorities are 
compared with the pinnae of the latter; other points of agreement are 

and" m th he m ° de ? { J e P tum - formati °n at the base of ^sporangium 
and in the general character of the cell-contents. The zoospores 8 are 

howe\er, unique, although in their derivation from a multinucleate 

protoplast there are analogies with the reproduction of Vaucheriaceae 

(cf especially the oogonia). The many flagella perhaps .ndic^e 

derivation from a compound zoospore like that of Vaucheria. 


(d) THE FAMILY DASYCLADACEAE 
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leas, specialised hvtng Tel"™ 
ves.cu.ar main avis, which may attain to a leng^ of 

bec (39) * (46) P- 44 . («4J), (146) p. 367. 
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to the rocky substratum by a richly branched non-septate rhizoid. 
Except at the very base the central vesicle bears densely aggregated 
alternating whorls composed of 10-15 members, each of which is 
branched to the second or third degree (fig. 123 A), the successive 
segments becoming progressively shorter and narrower, the ultimate 
ones being pointed; the diverse branches, usually four in number, 



Fig. 123. A-D, F, H, I, Dasycladus clavaeformis (Roth) Ag.; A, part of a 
section of the plant showing the method of branching; B—D, gametes and 
sexual fusion; F, habit; H, part of wall of central vesicle in section; I, one 
of the laterals with a gametangium (g ). E, G, Batophora Oerstedi J. Ag.; 
E, habit; G, one of the laterals with gametangia (g ). b 9 point of origin ot 
branch; /, base of a lateral; li 9 calcified layers of wall; m, thickening layers 
of wall; v , central vesicle. (A, F original; E after Boergesen; G after Harvey, 
the rest after Oltmanns.) 

arise from just below the apex of the parent segment. Since all the 
branches develop to the same length they not only obscure the centra 
vesicle, but form a fairly compact hairy surface (fig. 123 F). lhe 
branches are separated from one another and from the mam axis by 
marked constrictions, leaving only a very narrow communication 
between them (fig. 123 A, H). Between the narrow insertions of the 
primary branches the wall of the central vesicle is strongly ^cke'ied 
the thickening showing marked stratification with the outer strat 




DASYCLADACEAE 



impregnated with carbonate of lime (fig. 123 H). In other words the 
wall of the vesicle is constituted by a thin cylinder of lime perforated 
by alternating whorls of narrow apertures, corresponding to the 
points of insertion of the primary branches. The numerous small 
chloroplasts, as in all Dasycladaceae, each contain a small pyrenoid. 
If the apical part of the vesicle is removed by a cut, a new apex is 
regenerated (67), while if the rhizoidal end is removed and the^lant 
inverted a new apex is formed from the rhizoid-bearing pole(229). 

Shortly stalked gametangia (fig. 123 I, g) are formed at the apices 
of the primary branches in the upper half of the plant. They arise as 
spherical protrusions which receive the bulk of the contents from die 
adjacent branches before being cut off by a septum. As a result they 
appear deep green by contrast to the pale colour of the surrounding 
parts. The details of reproduction are dealt with on p. 401. 

A related form is constituted by the West Indian Batophora Oerstedi 
(Dasycladus occidentals Harv.) 1 (21.24.gji, which is not impregnated 
wuh lime and has the whorls of branches much more loosely placed 
(fig. 123 E). Gametangia, producing a number of globular cysts which 
give rise to the gametes, arc borne laterally in small groups at the ends 
of the primary and secondary branches (fig. 123 G, g). 


In A earner is , 1 found on tropical shores and known from the 
Cretaceous onwards, the structure is more complicated and the 
calcification in general more profound. The most widely distributed 
species is A. annulata (fig. 124 E), in which each plant consists of 
a small worm-like calcified mass, 1-2 cm. long and bearing an apical 
tuft of hairs (not visible in the photograph). As in the preceding forms 
there is a club-shaped vesicular main axis (fig. 124 A, a) attached 
hasa! v and bearing densely arranged whorls of laterals (30-40 in each 
whorl) branched to the third degree. The ultimate branches, how- 
e\er, are developed as long delicate hairs which fall off at an early 
stage and are only recognisable as a characteristic tuft near the apex 
ing. 124 A, /»). I here are only two branches of the second order and 
\ ™ “P“- f es so °n commence to dilate (fig. 124 A, G). Ultimately, as 
result of their turgor, these enlarged apices become pressed together 
and, assuming a six-sided outline, form a compact faceted surface 

uJSi I24 „ W,lh the bulk of ,he chloroplasts apposed to the outer 
ails. Between the insertions of the primary branches the wall of 

e main axis is again prominently thickened (fig. 124 F, rn) and there 
onl> a narrow pore leading into each branch. 

branrK shoWn that a sin S le nucleus passes into each 

condition* 111 ! b> ’ subsei | ucnt d,v,s '«n gives rise to the multinucleate 
condition. In young plants the whorls are more widely separated and 


Coccocludus occidentalis of Cramer Og). 
See (21), (24), (35), <3g), (40), (g 3 >, (go), (lg|). 
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Fig. 124. Neomeris and Cymopolia . A—C, E, F, Neomeris annulata Dickie, 
A, longitudinal section of apex of decalcified plant; B, primary lateral with 
uninucleate primordium of gametangium (g ) arising on one side of the apex, 
C, longitudinal section of apex of plant; E, habit; F, transverse ? 

main axis with bases of laterals. D, H, Cymopolia barbata (L.) Harv.; D # ha 1 , 
H, longitudinal section through parts of two segments with an intervening 
uncalcified joint ( s ). G, Neomeris dumetosa Lamx., transverse section; 
a, main axis; b 9 bases of laterals;/, facets; g, gametangia; h y hairs; g 9 urn*, 
(shaded); m, thickened membrane of main axis; n, nucleus ;s, sterile brancnes^ 
(A after Cramer; D after Ellis; E, original (photo, R. Cullen); G after Church, 
H after Solms-Laubach; the rest after Svedelius.) 
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the general habit is very similar to that of a Dasycladus <35). As the 
arrangement of the whorls becomes more compact, it is at first the 
ends of the primary branches that become dilated, the change to the 
mature condition only taking place slowly. The stalked, spherical or 
val gametangia (g) occupy the same position as in Dasycladus when 
mature (fig. 124 A, G), but according to Svedelius they first arise as 

fems’rtTh 3 W3y benea ' h thC 3peX ° f the P rimarv branch 

( k 4 u ’ g '* T , y° un Sg ame tangium contains a single large nucleus 
wh,ch suhseq^mly divides repeatedly. Ultimately thf entire comems 

IdUcen '^theC r t nV r°K Ped by itS °™ in wb ich the pan 

Carhl , h f k ° f H , e S amet engiflm is differentiated as a lid 
Carbnnate of l.me ts deposited,,,, as a continuous layer on the 

inner surfaces of the facets, the resulting cylinder being perforated 

bSch^ (5° fig^l GWn d ad b d y v he S,alks of < h = ^ondary 

faddition each primary branch is com- 

depcit “S d “ a " en ': el °P e ° f 1™ (0 and a si, St 
in Lme specS (e r°v n ^ H , 8ametangiUm (fig ' ,2 + G >' In fa «. 
by a common riigShapel'SS bK° f gametangia —ted 

its dUtribmion'and'’' WhiCh Ne0mm ' S is essent ' a Ily tropical in 
different outward habh^fiT Thenl C t re ' aCeOUS ’ shmvs a 

firntT^secmmc^iit^bese^gio 3 '^'^ ^ are ^ c ^b^bloroplastsl^No 

at the apices cf fig t^ni I n Tb ^ “T‘ ,U " Ul >' onl y f °tnd 
•be axis beam nu^erout whorls h 

degree, the swollen ends of the 1? bra " ch * d to the second 

surface as in Neomm* tk . secondar y branches forming a faceted 

are formed thmTg^ut the 8 "F ular in P atter "’ Gametangia 

•emunalon theprfmary bmnc“ .Th^ ^ aga ' n 3PPe3r 

occuple^molZe" a " d ' b ' surface is at first 

cylinder of lime extending frominsr If fi *? u Y * br ° ad ^^uous 
to the inner faces of the facetTi J beyo " d the penphery of the axis 

perforated by canalso CCU plTbythe off”* 7* ** C > linder is 

an d contains spherical cavities in wh?dh?h7 Secondary benches 
The club-shaped plants of ££££%%££d 
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southern hemisphere, have much the same habit and structure as 
Neomeris , but there is only a relatively thin cylinder of carbonate of 
lime (mixed with oxalate of lime) deposited in annular thickenings 
around the side walls of the facets (fig. 125 A, B, li). The most marked 
peculiarity, however, lies in the fact that the gametangia are borne 
laterally along the sides of the branches of the first order (fig. 125 A); 



Fig. 125. A. C, Borne tel I a oligospora Solms-Laubach; A, plant, slightly 
enlarged, cut open above to show the internal structure; C, gametangium 
with cysts. B, B. nitida (Harv.) Munier-Chalmas, end of primary lateral with 
secondary facets. D, E, Halicuryne Wrightii Harv.; D, profile view of fertile 
whorl; E, upper part of plant with sterile and fertile whorls. F, H. spicata 
KUtz., calcareous spicule with cysts from gametangium. c, corona;/, facets; 
g, gametangium-; //. hair; /, basal cell of fertile lateral; li, lime; r, fertile and 
r, sterile whorls. (B, E after Cramer; the rest after Solms-Laubach.) 
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each produces a number of cysts, part of whose membrane is de¬ 
tachable as a lid (fig. 125 C). In the position of the gametangia and 

the formation of a number of cysts within them Bornetella recalls 
Batophora (p. 389). 

On the basis ot his observations on A eomeris, Svedelius(2o;> 
concludes that the forms with lateral gametangia are to be regarded 
as more primitive, and that the apparent terminal position seen in 
that genus, as well as in Cymopulia and Dasycladus, is secondary. He 
advocates classing the genera so far considered into Dasycladeae with 
Dasycladus and Batophora and Neomereae with the three remaining 
genera, Batophora and Bornetella being regarded as the most 
primitive members ot their respective groups. 


I in: Acetabularieae 

tW A | Ce i tahulan i ae L isplay ,hc most specialised structure among the 

Stt a n ? ae - In K th , e \ UStr e lian Halicor y»eC. 4 *.">*) the main axes 
ear alternating whorls of eight sterile and sixteen fertile laterals, the 

m mhp ' ng S 1 ' Kht, i V : i cons ; ri ‘- t ‘-“ d opposite the sterile whorls whose 
1 tk r ‘o C , , lair " llke and branched to the third degree (fig 12c E s) 

"pod e , ' atCralS (C V' SO fig - "> the wide baJ ct,l , Sai 

sta B e and fnTh H 8 '^ ( ?! " hich , * ° n ' V cut ° lf b >' a “P-n a t a late 
r, c S Vr » on theadaxial side, an often reduced hair (fig. 12 c D c • F //) 

Cy m tl g in' r'-'r Ial T' S - IIaU ^ cin 8 bc c'omp^ed S 
alZlhl',. I h,ch fert,lc a " d sterile regions likewise alternate, 

the gameta^ria aPffr ^ *° single ' vhorls ' The axis a "d 

uneven thirkn f H y Uco O' ne ™ encrusted with a layer of lime of 

Ut 'n C r,:St ° r ,he P' ant is uncalcified. The 
form a c^he~i (fi g ^^ 

and this cu min H r ! S ° f re f eatcd| y branched sterile laterals below 

occasionally two such wh 7 7 °/ 3 SinR,e fcrti,e "horl, although 

members are mainlv com ° ? f ° rmed (fi «* 126 »>• The fertile 

merely separated hv P d ° f * L onR sac -shaped gametangium (g), 
(/> representing th constriction from the basal part of the latefal 

small protuberance'fwo^r hr ™ ch) ; th,s bc ars on its upper side a 
reduced branches (fig , 2 l TTTk nUmhcr of mo « or ,ess strongly 
,a tcral. and the gamefan’ ' . C ° r ° na ’ the basal P a « of the 

with the axis JfdTuch fn k continuous with one another and 

of *«***;,rin ,t sc C n„ s r;:/i;' p, ‘v s frcqucm m ^ 
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from the Mediterranean (fig. 127 B). As in all species of Ace- 
tabularia the gametangia contain numerous uncalcified cysts. 

In the remaining members of the genus the gametangia are more or 
less completely united organically, apart from being encrusted with 



Fig. 126. A, D, E, Acetabularia crenulata Lamour.; A, surface view of 
superior corona (c) with pairs of hair-scars ( h ); D, apex of fertile plant in long 1 " 
tudinal section, two fertile whorls separated by scars (5/) where a sterile whorl 
was borne; E, habit. B, A. Moebii Solms-Laubach, longitudinal section, two 
superposed fertile whorls. C, Acicularia Schenckii Moeb., calcareous spicule 
with cysts from gametangium. F, G, Acetabularia mediterranea Lamx., 
mature plants, seen respectively from above and below, c, corona; g, game¬ 
tangium; h, hairs; p, base of primary lateral; s, superior corona, (t alter 
Boergesen; F, G after Woronin; the rest after Solms-Laubach.) 

lime, and there is both an inferior and a superior corona, the adjacent 
coronae being free (Sect. Acetabuloides ) or likewise fused (beet. 
Acetabulum). The majority of the species of these two sections produce 
only a single fertile whorl, but in A. (. Acetabuloides ) crenuiata (fig- 
126 D, E) sterile and fertile whorls alternate as in Hahcoryne. 1 he tw 
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coronae appear as short outgrowths enclasping the base of each game- 
tangium (fig. 126 D, c ). In the uppermost fertile whorl the superior 
corona bears a pair of richly branched hairs (fig. 126 A, D, h), but in 
the others these hairs may be more or less reduced. The gamctangia 
m this species are only joined at the base. 


In the case of the classical Acetabularia mediterranea (Sect 
Acetabulum) (fig 126 F, G; 127 A), whose development is known 
m all its details, two or three years pass before the plants become 
fertile. In the first year the zygote produces only an upright usually 

hnW?”f ^ Cylmdr ' Ca * hread ’ anchored to the rock by a branched 

on 127 J) t^ ^° m th ' S 3 thin ' walled . extensively lobed 

utgrowth (fig. 127 K, b) penetrates into the substratum, and this 

food I?* 0 6 const,tute s the perennating portion of the plant in which 

Ztl ?T/V t0rCd duri T g thG SUmmer - In the antumn the 

off h^ 7 Cr 68 a "!f y T nd the P ersistin g basal part becomes cut 
off by a separating wall. In the following spring a new cylinder 

ofTterilebr h ^ Under g ro ^ d P art and ^ms one or more whorls 
ot sterile branches at its apex (fig. 127 C) 

the In nmdn S ' t aSOn ? Which , 3 fert . ile whorl arises » this is preceded by 
characteristic “umbre'lla"V'fully mature' kaving ^^ng^f'smaH 

the bases of which are enclasped bv a pair of ^ ' 

(fie 12*7 C K , h young cond, tion each superior corona 

on g e or L ’ & SS'W « 

the gametang.al whorl flattens out from its primal cu D 1 ik! f 38 

carbonate 1 "iTlimt ** 

M) 3 whfc e h nUmber f thick --lled“ 

disintegrate in the autumn Thtv SCt ^ 38 the umbrellas 

spring when the gametes are liberat^bv th^d 3 ?* ik" 111 the / ollowin g 
lid (ficr 12*7 2 a f *i . y detachment of a special 

known 'from £ O to ^ ° f ***** 

as soon as they are liberated!' 80 A ' Wettsteinii th e cysts set free gametes 



Fig. 127. B, Acetabularia Wettsteinii Schussn., umbrella from above, with 
cysts. A, C-O, A. r.iediterranea Lamx.; A, group of mature plants; C, new 
shoot arising from remains of stalk; D-F, germinating zygotes; G, structure 
af young head, partly diagrammatic; H, gametes; I, O, sexual fusion; J, young 
alants derived from'zygotes; K, base of stalk with rhizoids and perennatmg 
/esicle (6); L-N, cysts; L, intact, with lid (o); M, longitudinal section of 
;ame; N, liberation of swarmers. c, wall of cyst; g, gametangium, , s eri e 
•hoots ; i, inferior and 5, superior coronae; n, nucleus; o, lid ot cyst; r/, sterue 
vhorl. (A original photo, R. Cullen; B after Schussn.g; C after Woron.n, 
j after Oltmanns; the rest after De Bary & Strasburger.J 
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plasmic streaming into the gametangia; the young cysts are uninucleate. 
As in other biphonales, Acetabularia shows a great capacity for re¬ 
generating lost parts from portions containing the nucleus; removal of 
the umbrella results in almost all cases in its replacement from the 
stump of the stalk (84). The chloroplasts are stated (120) to contain a 
number of granules of carotin distinct from the green pigment and to 

lack starch. In the ultimate branches the chloroplasts assume a narrow 
thread-like form. 


I he cI ° sc, y allied genus Aciculariavt1.24.9z.19*) is distinguished by 
scj C thntt tha h im V S also in the cavity of each gametangium 

so that, when the head disintegrates, there remain a number of 
calcareous spicules, pointed at one and rounded at the other end and 
hone>combed by numerous cavities containing the cvsts (fie 126 C) 

Wnlf nUS Wa ® hrSt , discovercd in the fo »il condition as isolated 
E l s ’ SO t metl,nes laterally connected, which were assigned to 

recoem’ H S ir nS m , animal ^ngdom until Munier-Chalmas(.2 9) 

Acefabuhr . probablnature and suggested a close affinity with 
Acetabular,a, a view which was subsequently confirmed by the 
discovery ot the single living species. ' ' 

whIhthe C ? bUl f riCae arC , USUally inl crpreted as Dasycladaceae in 
vluch the gametangia are borne laterally on the primary branches 

he no i Ut ^ °! grCat enlar gcment have shifted into 

asfde on^‘nal position the later branches of the lateral being pushed 

views as to th ? lde(l9 *>- 1 hls talls into line with S^edelius’s 

rimetanU?m ; pnm,t,ve " ess ot ‘he lateral position of the young 

fo r onaTs g h T„; r ;'r,r m ^ 39 f °" this int "-P'c'ati°n .he superior 

while thVinf P ■ f pr ! mary Iatcral that bears the further branches 
while the inferior corona has to be regarded as a new development 


The Fossil Dasycladaceae 

serves “to'ZkX" ' S ' Udy f ' he livin S members of the family thus 
fossil representatives. r hav S f °T ? ne anoth ". 'he numerous 
have given us a ‘kmre " ed the *J rda,i ° n much clearer and 

unique, 

calcareous "f Cylindrical 

nient, shape, and mode of hranMt' ^ ^ * ro ™ " hose arrange- 

habit of the plant Manv of thp g 1 baS been P ossi hle to deduce the 
reproductive organs of IT “"r‘ en ‘ ‘ ypeS lack ,he *P«ialised 
examples can be^onstdered f ° rmS ' ° n ' y 3 elected 

m ° r ' literature, see 



SIPHONALES 


390 

In the oldest known Dasycladaceae (e.g. Rhabdoporellai 198)) (fig. 
128 A) the unbranched laterals of the elongate main axis were quite 
irregularly disposed and did not fit closely together. Some few 
(e.g. Vermiporella (149.198)) are distinguished by branching of the main 
axis. In Coelosphaeridium (Ordovician) the branches arose only from 
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Fig. 128. Fossil Dasycladaceae. A, Rhabdoporella paehyderma Rothp . 
(Upper Silurian). B, Coelosphaeridium cyclocrinophilum R6m. (Ordovician). 
C, E, G, Diplopora phanerospora Pia (Trias?); C, E, longitudinal and trans¬ 
verse sections respectively; G, a whorl, partly restored. D > Pnmteora ina 
trentonensis Whitf. (Ordovician). F, Gyroporella vesicuhfera Gumb. (Upper 
Trias). H, Dactylopora cylindracea Lmk. (Eocene). c 9 cysts. (Batter y, 

F after Diener; H after Morellet; the rest after Pia.) 
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the globular apex of the main axis and their dilated ends were com¬ 
pacted to form a spherical surface (fig. 128 B). Primicorallina , from 
the same formation, has the laterals irregularly and loosely disposed on 
the elongate main axis, but in this case they are branched to the third 
degree and are remarkably like those of a Dasycladus (tig. 128 D). In 
the Permian genus Mizzia (mo) the thallus was composed of a series 
of segments having the structure of Coelosphaeridium. It is presumed 
that in all these forms the reproductive cells were formed in the main 
axis (Pia’s endosporic type). 

In the Mesozoic whorled types appear. 'Phe Triassic Gyroporella 
(fig. 128 F)(i 49 ) has unbranched laterals with dilated globular apices 
which are regarded as reproductive. Diploporai 149.152) (fig. 128 C) 
has the lateral members grouped in tufts, usually of 3-6 members, 
the tufts being arranged in whorls (tig. 128 E). The laterals were 
sometimes prolonged into branched hairs (fig. 128 G) and appear 
often to have functioned as gametangia (Pia's cladosporic type), 
although in D. phanerospora Pia<i 4 «), for instance, cysts were formed 
within the periphery of the main axis (fig. 128 C, E). In Triploporella 
(fig. 129 A) (including Tetraploporellai 197)), from the Jurassic and 
Cretaceous, the club-shaped plants bore densely aggregated whorls 
with elongate broadened primary branches forming numerous cysts 
(c) and bearing three slender secondary branches (j) ending in 
branched hairs (h) (cf. also (.49), (.96), (4,0)). This genus might well be 
the startingTpoint for most of the modern forms, although in Pia’s 
opimon (149) the Dasycladeae go back to the Liassic Palaeodasycladus 
(hg. 129 B), which is perhaps a Primicorallina with whorled branching 
In 1 hyrsoporella (Eocene) the secondary and even the tertiary 
branches were enlarged and presumably formed evsts 

Definite reproductive organs (Pia’s choristosporic type) appear 
hrst in the Cretaceous forms. In Dactylopora (Eocene) the un¬ 
branched laterals have dilated ends forming a faceted surface 
numerous small rounded gametangia being borne on the sides of 
their narrower inner portions (fig. , 28 M). In Digitella the gametangia 
are larger and hlled with a mass of lime in which small cavities occur 
uhich were no doubt occupied by cysts. The lateral position of the 
gametangia in these fossil types, lends support to the view that the 

ThToUe-tT SCCn i t? Se 'i er , al ° f the recenl 8 enera is secondary. 

I he oldest known Dasycladaceae appear to have had their chief 

centre of distribution in the Arctic, whilst from the Trias onwards 
they are ma ,nly represented in the Tropicsiu,,. A common plan of 
construction is recognisable throughout, since all the forms exhibit 

were bornl y Th n ™is upon which the numerous laterals 

unbraneh M ^ ,rre S ularl y disposed and commonly 

itself Snhtn Vh ?. e Cy . St \T re P robab, y formed ^ the main axis 
itself. Subsequently, in the Mesozoic, the whorled arrangement was 
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adopted and extensive branching of the laterals became the rule, 
while the production of cy9ts was relegated to the enlarged primary 
branches or sometimes to the aecondary ones. In the first place the 
faceted surface was formed by the primary members, but later, as 
in the recent genera, by the secondary ones. Ultimately special 



Fig. 129. A, Triplopurella ( Tetraploporella ) Remest Steinm. (Upper Jurassic), 
reconstruction (after Steinmann). B, Palaeodasycladus P> 

(Lias) (after Pia). c, cysts; h, secondary branches; s, scars of second y 


branches. 


gametangia were differentiated, first as lateral appendages to the 
primary branches and subsequently as single terminal str uctures^ 

the ends of the latter. The recent genera ^"’""“’view of thts 
Acicularia) first appear in the Cretaceous (. so. ■*>■ In view ofth 

evolutionary sequence, for a knowledge o w ‘ . appear 

indebted to Pia, the early stages of A'romem aud A mWoriu appe r 
to represent a reversion to a more primitive condition, and 
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significant that in young plants of the former it is at first the ends 
of the primary branches that become dilated to form an imperfect 
cortex. According to Pia(iso) parallel evolution has played a great 
role in this family; in particular, the Specially differentiated gametangia 
appear to have arisen independently in a number of lines, and their 
geological history shows that they are organs sui generis and not 
modified members of the whorls. 1 


The Reproduction of the Dasycladaceae 

Throughout the preceding matter the reproductive organs have been 
described as gametangia, although the fate of their contents is known 
only in a very small number of cases. Since, however, in all of these 
hey have proved to subserve sexual functions, the uniform designa¬ 
tion is warranted until there is proof to the contrary. I>rint/o s s, 
speaks however, of aplanosporangia and of the cysts as'aplanospores. 
r . Das > cladus ' ,n which the gametangia are not included in the 

mire a°d? 1 e K ametes are produced directly, but in all the 

more adxanced, and in general more strongly calcified forms the 

contents give rise to one (Nearner is) or usually several (eg Z, 2 - 

gametes are mostly only set free 
alter shedding In fact the production of cysts, which clearly ob 

2 ™ f fOSSil f °™YPP“" — necessary adaptation 
Pia (n 40 , n P ,^!? “ ?’° r f ° r less com P le " calcareous envelope, 

secondary. P 3) regards ,h ' “ ndi,ion fo "" d i" DasychdJn 

b^;,,r g ^: p f th™ "sr of 

Lr|g uL 

new “«r dia ' ely “ d - 1di *^ ^ 

^ y cyirr V s con “ ^ 

appear 8 ,o “" «? “ * «*“>« and 

interpreted as apoeamvho ' Th !•' • , affairs that ,ias been 

cladaceae, like the Codiaceae V?,? & do V bt that t,,e Dasy- 

(<7») states that he has establish. f T °? or S an 'sms and Schussnig 
laria during gametogenesfs ^ ,n the «*«• ^etab,?. 

monoecious plants. ^^MteVestiwShed th° t th* 05 * otcasional 

‘ Florin’s Piaeatun f ■ bl,shed that there was much variation 
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in the intensity of the sexual reaction when gametes from different 
individuals were brought together, copulation sometimes occurring 
immediately, sometimes only after a more or less prolonged interval • 
in the latter case the zygotes passed through a resting period before 
germination. Gametes exhibiting such weak sexual tendencies were 
capable of fusing with either strain of gamete possessed of stronger 
tendencies (relative sexuality, cf. p. 44 and Ectocarpus siliculosus). 
\V hen gametes of a weak strain were placed in water that had been 
filtered off from gametes of a strong opposite strain, the sexuality of 
the former was altered in the direction of that of the latter. In Acetabu- 
lana also it is only gametes from different cysts (from different in¬ 
dividuals?) that normally fuse with one another. 


(e) THE FAMILY CODIACEAE 
Vegetative Structure 

I he members of this family are composed in the mature condition 
of a system of richly branched threads which, in the more specialised 
types, are more or less completely agglomerated to form a compact 
parenchymatous body (multiaxial construction). All these threads 
are products of a single primary filament. The main threads exhibit 
apical growth and are dichotomously branched (figs. 130 D, 131 B), 
but in most genera there is also an abundant formation of laterals 
(figs. 130 E, 131 F) which play a considerable role in binding together 
the main threads and whose formation in smaller or larger numbers 
sets in as soon as aggregation of the latter commences. In most 
genera the main threads exhibit more or less frequent constrictions, 
especially near the points of branching (figs. 130 D, 131 B), and at 
these points there are stratified annular thickenings (fig. 131 E) of the 
wall which sometimes almost meet in the £entre(i24). The probable 
mechanical function of these thickenings is indicated by their absence 
in the more firmly built parts. The structure of the threads is typically 
siphoncous, but the small chloroplasts in most genera lack pyrenoids; 
the nuclei lie as usual internal to the chloroplasts. The membranes 
consist in the main of callose and pectin (124), although according to 
Ernst ((sv) p. 121) the thickenings contain cellulose; in Codium pectin 
is stated to preponderate. 

Like the Dasycladaceae the Codiaceae have their chief centre of 
distribution in the warmer seas, although a number of genera are 
found in the Modi' franean and Codium extends as far north as 
Alaska and Norway -nd .southwards to Cape Horn and Kerguelen. 

One of the simplest members is Rhipidodesmts (75), with a solitary 
species found in the Indian Ocean. Here we have a heterotrichous 
habit, the creeping system of irregularly branched and almost colour- 



CODIACEAE 


4°3 





SIPHONALE5 


4 o 4 

less threads giving rise to a considerable number of erect filaments 
with abundant di- or trichotomous branching in their upper portions 
and all growing approximately to the same height (fig. 130 A). This 
simple lorm can be instructively compared with Caulerpa fastigiata 
(P- 37 ^)- Boodleopsisds) is similar, but the upright filaments are far 
more richly branched and aggregated to form a cushion. 

In other forms the habit is more definite. Thus, in the tropical 
genus Avramvillea (20,24.7s. 136) the dichotomously branched filaments 
are generally united below to form a loose cylindrical stalk, anchored 
by colourless rhizoids and sometimes forked one or more times; at 
the top the threads spread out and interweave to form a leaf-like 
Habellate expanse with an entire or lobed margin (fig. 130 B). The 
numerous constrictions in the threads forming this blade give them 
a moniliform appearance (fig. 130 C, D). Rhipilia (Atlantic and Indian 
Oceans) (24.7s) shows much the same habit, but exhibits greater 
specialisation in that the threads (fig. 130 E) composing the blade 
bear short laterals developing small lobes (/;) at their apices by means 
of which they attach themselves to the neighbouring threads. 

This is more elaborated in L'dotea (including Flabellaria), as is 
clearly shown by the two Mediterranean species. In U. minima 
Ernst (60) the coarse colourless creeping threads produce numerous 
erect dichotomous filaments which are in part quite free, but at 
certain points become interwoven (fig. 130 G) to form a short stalk 
at the top of which they either diverge to form a brush-like tuft or 
commonly spread out to form a small flat fan (fig. 130 F); the threads 
of both stalk and fan bear short and irregularly branched laterals 
which arise more or less perpendicularly along either surface of the 
fan and spread out to form an imperfect layer, serving to bind the 
whole together (fig. 130 H). Young stages of this form may be com¬ 
pared with R/iipidodesmis, older ones with Penicillus (cf. p.406) and 
Avrainvillea. 

In Udotea Desfontainii( Lamx.) Decsnc. (Flabellaria petiolata Trev.), 
which grows in very diverse habitats in the Mediterranean(60,116), 
the early stages (fig. 131 C) are very much like those of the species 
just described, although the threads composing the rhizome as a 
general rule soon become interwoven into bundles. 'I he mature fans 
(fig. 131 A) are larger and possess a firmer structure, since the ramu 1 
in this case are richly lobed (fig. 131 I I) and become apposed to eit er 
surface of the fan to form a more perfect covering which in par s 
recalls the strongly undulate epidermis of the leaf of a higher p ant. 
The fans are thus three-layered, with a central axis of longitu ina 
threads and a cortical laver of laterals on either side (cf. “6- ! 3 * )’ 

Some of the laterals also push in between the axial threads, bending 
them considerably out of their course. The darker concentric zones 
visible on the fans (fig. 131 A) indicate points at which there is a 
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especially strong development of extensively lobed ramuli which here 
form a complete covering and in part even project from the surface 
whereas in the intervening lighter zones the covering is not so perfect,’ 
so that the axial threads are partly exposed. In the stalk too the’ 



*w,. a.. 

to form fan; D, cortication of surface of stilk^F^ S, ‘f k - ,>roa demng out 
tudinal thread, showing thickenings I- ’ 7 °* ,orkil ‘« of longi- 

showing cortex-formation ; G C^apiUs of m^ fn*"* u transvcrsc motion 
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laterals in this species form a more or less complete envelope, but 
here both they and their numerous branches stand perpendicular to 
the axial threads (fig. 131 F), the ultimate lobes fitting closely to form 
a cortex which in surface view appears composed of rounded elements 
(fig. 131 D). 

In both species the axial threads composing the fans lose the 
characteristic constrictions and internal thickenings, are narrower 
than the free threads, and also differ in the abundant production of 
laterals. At the edge of older Ians, prior to the cessation of growth, 
the axial threads usually project as a free fringe (fig. 131 A), and such 
projecting threads revert to the characters of the young non¬ 
agglomerated ones. In U. Desfontainii secondary fans often arise from 
the margin or surface of the primary ones. 

The tropical species of Udotea (24.75.96.231) are more or less encrusted 
with lime, and most of them exhibit a more elaborate development of 
the cortical layers. In U. javensis(75) the long stalk is composed of but 
a single thread which subsequently becomes overgrown with rhizoids. 

The fan-structure is most highly perfected in Halimeda , 1 in which 
the branched thallus is composed of a number of usually flat (often 
cordate or reniform), strongly calcified segments; these are separated 
by uncalcified joints and arise from a short basal stalk attached to the 
creeping system (fig. 132 D). H. Tuna , which is but slightly calcified, 
occurs commonly in the Mediterranean. Species of Halimeda may 
play a considerable role in the formation of some coral-reefs(34) and 
are known from the Tertiary onwards. The lateral branches of the 
axial threads in this genus stand perpendicularly, as in the stalk ot 
Udotea , and their ultimate branchlets swell up and become closely 
adpressed to one another to form a very compact surface with 
hexagonal facets (fig. 132 G,/). The lime is deposited on the side 
walls of these facets, the outer surfaces against which the chloroplasts 
lie being free from incrustation. When new segments of the thallus 
are to be produced, the axial threads grow out at the apex of the 
segment in one or more groups and, since ramuli are not formed 
immediately, a bare uncalcified joint lacking laterals is formed between 
the segments; the threads forming the joints have strongly thickened 
walls (cf. Corallina among the Red Algae). 

Of the diverse specialised types that belong here one of the most 
remarkable is the West Indian Rhipocephalus (74.75), in which the upper 
part of the calcified stalk bears numerous closely crowded flabellae 
(fig. 132 B, C), each formed by periodic lateral protrusion of groups 
of the longitudinal threads composing the stalk. 

A different habit is seen in Penicillus (Espera)( 24 .74. is. of which 
P. m edit err aneus Thur. forms extensive meadows on muddy substrata 

* See (5), (7), (22), (24), ( 94 ), ( 95 ). 
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within which the felt of branched rhizomes ramifies. These at first 
produce separate upright threads of the usual type which later unite 
to form a calcified stalk showing a well-marked differentiation into 
central medulla and cortex; the main threads develop numerous 
laterals which in part wind transversely between them and bind the 
whole together. At the apex of the stalk the central threads separate 
to form a brush-like tuft of forked filaments which, as in the other 
cases above considered, revert to the normal tvpe of structure found 
in the young plant (fig. 132 H). 

The general structure is somewhat different in the uncalcified genus 
Codium} of which the widely distributed C. tomentosum and C. Bursa 
are amongst others found in northern waters, although many species 
are confined to warmer seas. They typify the principal habits met 
with in the genus. In C. tomentosum (fig. 133 A) the thallus, firmly 
anchored by a basal disc, consists of cylindrical hairy segments which 
are about the thickness of an ordinary lead-pencil and repeatedly 
forked; they float out into the water or hang down from the rocks at 
low tide. In C adhaerens (Cabr.) Ag. the thallus is a flat cushion or 
crust attached by numerous rhizoids along the under side, while in 
C. Bursa it appears as a large rounded structure (10-20 cm. in 
lameter) slightly flattened at the point of attachment to the sub¬ 
stratum (hg. 133 B) and becoming hollow at maturity; within the 

hollow may be found diverse small animals and red-coloured 
ivlyxophyceae (69.208). 

* n C ' t ° men tosum the thallus in section (fig. 133 E) is seen to be 

intTnvoven^YTL 3 ' T dulla {m) ° f lon K itudi " al > rather narrow, 
shaoed yp?:’i f ° r j Cd th . reads and a peripheral cortex (c) of large club- 

likeTaver PM 'T Y gr ° Uped at the same level to form a palisade- 

ou^er/ OP ? StS 3re aggregated in large numbers beneath the 

in the h f °{? a ^ h cort,cal 'esicle (fig. 133 E) and are also found 

(fe F? !*“ h . produced periodically on these structures 

when th 1 i ndg,v L e the P lant ,ts tomentose character (cf. (.84)) • 
when they drop off they leave characteristic scars (fig. , „ I). * 

the ngltud,nal sections it is usually not difficult to recognise that 
the vesicles represent the dilated terminations of one of the forks of 

See (76), (98), (nt), (i 4 6) p . 396, d 70 ), (205), (2,6). 


F ? f <L '' Ag v B - h " bit ’ reduced; 

1. the S^e ^h scars of Lt I* \ G Ag-; F. vesicle with hairs; 

sympodial construction H I T- • i )n .K , * ud,na '1 thread and vesicles, showing 
of Propagules (T K one oAhe\ ickers : H - J- formation 
Lmk.; N, O. pZrifor^LlL™ ^ . M ,* N ’ M. O. margantula 

threads; j, thickenings of wall Ya cortlt ^. xes,clles I A. hairs; w, medullary 
R. Cullen ; C, D G after Kuster K 1 a [ ter G,b * on & Auld ; B original photo, 
»fter Schmidi.) KuS,er; ** l ’ L after Hurd; M, N after Pia; the rest 
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a longitudinal medullary thread (fig. 133 G, L). From the base of the 
vesicle one or several branches arise, some of which grow more or 
less transversely and help to bind the medullary threads together, 
whilst others grow lengthwise between cortex and medulla and sooner 
or later curve out afresh and become dilated to form another cortical 
vesicle (fig. 133 L). At the base of each of the latter, as well as at the 
points where these lateral branches are given off, one finds the 
customary annular thickenings (fig. 133 G, L, r); these are so strongly 
developed that they seem to meet (fig. 133 D), although according to 
Mirande(i2 4 ) a delicate plasma strand traverses them through which 
transport of material can take place (1170); in C. Bursa the pores are 
stated to become widened in spring, but to become narrowed again 
in autumn. 

The zygote of Codium (p. 411) germinates to form an upright thread 
attached at its base by a lobed sucker (fig. 134 X). At an early stage 
thin branches arise from the lower end of the primary thread and 
these soon swell at their tips and bend out to form the first vesicles 
(fig. 134 M), whilst their longitudinal growth is continued by branches 
originating from the bases of the vesicles ((146) p. 398, (170)). The 
Codium -plant is therefore built up of the ramifications of a single 
initial filament and the entire construction is sympodial, the vesicles 
being the laterally deflected apices of the longitudinal threads whose 
further growth is effected by side branches. 

The growth in length of the diverse segments of the thallus in 
C. tomentosum is effected by apical elongation of the medullary 
threads, but the continuous intercalation of fresh cortical vesicles 
between the pre-existing ones not only leads to their dense apposition, 
but also brings about a certain amount of intercalary enlargement. 
In the cushion-like forms, in which the laterals from the bases of the 
vesicles grow in a more or less tangential direction, this growth by 
intercalation predominates and, as the thallus increases in girth, the 
surface becomes more and more stretched. This leads to the rupture 
of the internal threads, so that older plants of this type are often 
hollow. 

The South African Pseudocodiumi. 213) has the same habit as C. tomen¬ 
tosum, but here the vesicles are apparently true laterals of the medullary 
threads. This genus also resembles Halimeda in the fact that the vesicles 
are so densely crowded that they form a system of polygonal facets. 

The few fossil members of the Codiaceae do not afford much help 
in elucidating the phylogeny of the family. Several genera are known 
from the Lower Silurian, e.g. PalaeoporellaO 51. « 9 »), in which the thallus 
consisted of segments separated by uncalcified joints, the former com¬ 
posed of richly branched threads whose ends formed a thin cortical 
layer. DimorphosiphontoD, with terete joints, is very similar to some 
kinds of Halimeda, while Boueina (Cretaceous) (.fa. « 9 S> appears as a 
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closely allied form. Ovulites (Eocene) (129.187a) is believed to represent 
the calcareous body of an alga allied to Penicillus ; it occurs as small 
ovoid or rod-shaped hollow bodies (fig. 133 M, N) whose wall is 
perforated by numerous fine pores and which have a large aperture at 
either end (cf. also (33)). Gluck’s Microcodium (77) from the Miocene 
is not yet certainly established. Some genera that have been referred 
here (e.g. Sphaerocodium (167) p. 296) are very doubtful (cf. (iS7<j) 
p. 160). 

Pia(i53<») believes in a close relationship between Dasycladaceac and 
Codiaceae, basing this view on the fact that some of the oldest Dasy- 
cladaceae have an elongate axis bearing numerous short branches. In 
some of the Udoteae, moreover, whorled branching occurs. 


The Reproduction of the Codiaceae 

Little information is as yet available about the reproduction of the 
majority of the Codiaceae. Vegetative propagation is no doubt wide¬ 
spread, and in certain species of Coditon special detachable propagules 
(fig; *33 H, J, K, p) formed on the vesicles have been foundo70). 
This genus is the only one in which sexual reproduction has been 
reported (146,203). The gametes are formed in special ovoid gametangia 
(fig- *34 A-C) which arise as lateral outgrowths from the vesicles, 
from which they are cut off by a septum like that of Bryopsis (p. 377). 
Two kinds of gametes are formed, either on the same or on different 
individuals (171), and they are set free by gelatinisation of the apex of 
the gametangium. Only part of the protoplasm is used in the 
production of the swarmers. The macrogametes, formed in deep 
green gametangia (fig. 134 A, B), are pear-shaped and contain 
numerous chloroplasts with pyrenoids (fig. 134 F), while the micro¬ 
gametes formed in yellowish gametangia, are narrower and possess 
1-3 small yellowish chloroplasts without pyrenoids (fig. 134 E). Both 
have two flagella. Fusion is followed by the formation of a rounded 
zygote (fig. 134 which germinates at once (fig. 134 L) in the wav 
described on the previous page. The macrogametes are stated to be 
able to germinate without fusion. 

Williams(222) has shown that reduction in C. tomentosum takes 
place during the first nuclear division leading to the formation of 
gametes (fig 134 H, J), so that the thallus in this species is diploid, 
as in other Siphonales that have been investigated from this point 
view; this has since been confirmed for C. elongation (178. 182). 
According to Williams some of the nuclei that pass into the gametangia 
dismtegrate the selection of the functional nuclei being apparently 

centra t0 ■ „ P roxi " lit y to certain deeply staining cytoplasmic 
, ’ Sma l C j t .^ ian tlie nuc lei, which are compared to the coeno- 

simult recorded ln Oomycetes. The surviving nuclei undergo two 
multaneous nuclear divisions, the first of which effects reduction. 
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Fig. 134. Reproduction of Cadinm. A, B, D-N, C. tomentosum;C,C. mucro- 
natum. A, voung and B, mature gametangium; C, vesicle with three gam e " 
tangia; D, sexual fusion; E, micro- and F, macrogametes; G, zygote;« J. 
meiosis in gametangium, H, late synapsis, I, diakinesis, J, metap ase P 
view) ; K, late prophase in vegetative nuclear division (polar view), L e ! 
stage in germination of zygote; M, basal part of young piant; N, 
g, gametangium; /, vesicle. (A, B after Thuret; C after Hurd; H-K after 

Williams; the rest after Berthold from Oltmanns.) 
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Special reproductive organs have also been observed in Halimeda 
(73. 05 .. 74 ), although their function is not clear. They are formed on 
forked threads that sprout out in large numbers from the edges of 
the calcified segments or from their surfaces (fig. 132 A, p. 407) and 
represent a proliferation of the axial filaments. These reproductive 
threads bear numerous spherical outgrowths which receive almost the 
entire contents of the segment on which they are borne (fig. 132 E) 
but in some species at least are not cut off by septa. Small biflagellate 
swarmers (hg. 132 F) are produced in large numbers in the outgrowths 

,ntn Vt ; aS m adjacent threads . the process even extending back 
into the axial filaments of the segment below. The fate of these 

raDidTv'wShTJ K OWn ’ bUt> SinCC . thcy have been observed to perish 

pos^ gamelL 8 "" ° PCd b >' * membra " a ' 'hey «~ 

thJbladTand'^'"’ ClUb - Sh T d s P oran B>a (?). formed terminally on 
rlrirn I ( 2nd g,V,ng nse to 1-8 s P ores . have been observed. So-called 

and 
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mass at certain points, and these accumulations, which usually appear 
circular when viewed from the surface, secrete a membrane the outer 
part of which is contiguous to and becomes confluent with that of the 
main vesicle ((i8)p. 264, (64) p.342). In this way more or less numerous 
small marginal cells are formed, which appear to be cut off by arched 
septa 1 (fig. 135 B, D, m). These cells rarely form a connected layer 



Fig. 135. Valonia. A-C, H, I, V. ventricosa J. Ag.; D-G, J, V. utricularis 
(Roth) Ag. A, young plant; B, base of an older plant showing marginal cells 
(wi) bearing rhizoids; C, group of chloroplasts; D, entire plant; E, apex of 
one of the older rhizoids of latter; F, swarmer-formation; G, germinating 
swarmer; H, I, marginal cells with rhizoids; J, swarmers. m, margina 
cell; r, rhizoid. (D after Schmitz; E-G, J after Famintzin; the rest after 
Boergesen.) 

over any considerable part of the surface of the vesicle and are some- 
times confined to the basal region, where they are always formed in 
some numbers and where they grow out into secondary rhizoi s wit 
expanded and often lobed apices (fig. 135 B, H, I, r). 

‘ This recalls in some ways Klebs’ observations ((108) p. \9o) on Proto- 
siphon, where there is an occasional formation of an apical cortex, due 
cutting off by septa of numerous small apical protrusions. 
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In the West Indian V. ventricosa , where the vesicle may attain the 
size of a small hen’s egg, no further development takes place ((24) 
p. 28), but as a general rule some of the peripheral cells cut off at the 
apex of the vesicle are of larger size and grow out into branches 
repeating its structure. Thus, in the Mediterranean V. utricular is 
such branches are frequent and may even give rise to tertiary ones 
(fig. 135 D). In the tidal zone, however, according to Kuckuck (113), 
this species may exhibit another growth-form in which the marginal 
cells are formed especially in the lower part of the primary vesicle 
and grow out into short creeping branches which turn up at their 
ends to form secondary vesicles, so that a dense tufted growth is 
produced Another species, V. Aegagropila C. Ag.0,3..6 9 >, known 
trom the Mediterranean and elsewhere, forms loose spherical balls, 
apparently composed of a number of extensively branched individuals! 
In short, starting from a common primary type, the diverse species 
of the genus may ultimately exhibit a very varied habit. The vesicles 
of Valoma show a marked capacity to heal wounds by the growing 
together of the exposed edges of the protoplast (106.,, 0 >. 

The tropical genus Dictyosphaeria 1 shows a slightly different method 
of attaining the multicellular condition. The primary, variously 
shaped vesicles are attached by short rhizoids formed from marginal 
cells as in Valoma (fig. 136 E, F). Later the contents of the vesicle 
contract and undergo simultaneous division into a number of multi- 
nncleate rounded masses (fig. 136 B-D) which secrete membranes 
independent of that of the pa rent-vesicle and then enlarge, so that 

the > “celk» e th Pre f Sed T mSt ? nC an ° ther (fig - 136 B > H > Each °f 

(fie B1 Th ° rn ’ e may r r ivide again in the same manner 
fng. 136 B). The compact mass of somewhat unequal polygonal 

segments produced in this way is further linked by numerous fmall 
rHk ° C , kl ff 8 f iapt l ra WUh m,nute a P icaI processes, arising from small 

cells cut off from the contiguous faces of the segments (fig m6G H li) 

Some of the lower segments are produced into tubufar out^owths 

The manure t a h h |r d X ?' m,,ar haptera t0 the ^stratum (fig. 136 H) 

1 he mature thalh are large, sometimes slightly lobed vesicles whose 

See (3), (23), (24) p. 33i ( 4a)> {l 3 3)> (21J) 
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parent vesicle. In Dictyosphaeria and others, however, the protoplasm 
aggregates centrally and the segments at first lie freely in the vesicle. 



Fig. 136. A-G, Dictyosphaeria favulosa (Ag.) Decsne.; A, habit; B, part of 
thallus, different stages of segregative division; C, D, the same enlarged, 
D an earlier stage than C; 1 E, F, young plants; G, haptera between t\Yo cells 
seen from above. H, D. van Bosseae Boerg., section of young plant showing 
haptera (//) between the cells. I-M, Ertiodesmis verticillata (Kiitz.) Boerg. ; 
I, basal end of branch, with haptera (A); J, habit; K, base of a branch; 
L, chloroplasts and nuclei (black); M, base of plant, c , chloroplast; A, hap- 
teron; n t nucleus; />, pyrenoid; r, rhizoid (all after Boergesen). 

It may not be inappropriate to point out that this mode of septation 
is markedly different from that of Cladophoraceae, the more as many 
Valoniaceae show a striking similarity in habit to members of that 
family. Schussnig(i79) regards segregative division as primitive or 

1 The final stage is seen in B, where some of the segments are dividing 
afresh. 








VALONIACEAE 


417 

the Siphonales anti believes that in the more specialised types it has 
become restricted to the reproductive organs. 

Boergesen’s Ernodesmis verticillata (Valonia verticillata Kiitz.) 
((23), (24) p. 67, (113)) again starts as a single narrow clavate vesicle, 
which exhibits a number of annular constrictions just above the 
irregularly branched, septate, 1 attaching rhizoid (fig. 136 M). Marginal 
cells, formed as in I' alonia , are cut off only at the apex of the vesicle 
and grow out into narrow clavate branches repeating the structure of 
the primary vesicle (tig. 136 J) and showing a single annular constriction 
at the base (fig. 136 K). The branches are formed successively and 
appear as a whorl in which younger members are always found de¬ 
veloping among the older ones (fig. 136 J). Short thick haptera often 
arise from small cells formed beneath the point of constriction (fig. 
*36 hi these grow towards the wall of the underlying parent-segment 
to which they become firmly attached, thus strengthening the whole. 

I hey may also serve to attach loose segments to a new substratum The 
whorled branching of Ernodesmis recalls the Dasycladaceae. 


In Siphonocladuu1s.24.94.rn), with S. tropicus (fig. 137 B) frequent 
in tropical seas and 5 . pusillus (fig. 137 A) in the Mediterranean, the 
small erect plants are attached by a well-branched thick-walled 
rhizoid (r) with or without septa; above this, at the base of the 
primary vesicle, a number of constrictions are again to be seen 
(hg. 137 E, F) Sooner or later the vesicle becomes divided into a 
large number of irregularly arranged cells of unequal size formed by 
segregative division (fig. ,37 H, I), the membranes of these segments 

O? ,l e , quently fuSln * T ° nl > r with °" e a "«ber but also with the wall 
, ,ht P"™ 1 ? ve f' de - '"any of these segments outgrowths 

anse wh.ch burst through the thick lamellate membrane of the vesicle 
at their pom. of origin (fig. , 37 A-C). The branches (fig. , 37 C) also 
show ? "umber of basal constrictions and, although some may remain 

;“ti,t" be “ mC in 'be^customary^marine? 

37 D) ' rcrt ! ary branches (fie- ‘37 H) may arise from these in 
the same way as the secondary ones. n 

f Pecia ! iS f ed lro P ical for ms, Struvea and Chamaedoris are 
formenaa 6 "^ Ik kT represented by Siphonocladus . In the 
of bng-stalked bhlTh W '' CrCt ‘ pmK rhizoidsbeara number 

Which further grotMnleTTr' aC ' S “•*? b >' ™ a "‘ «f 

^carried on. Wp, for 
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axis puts out, at its upper end, a pair of branches which become 
divided into a row of segments branching in the same manner 
(fig. 138 A). The secondary laterals may branch again and this may 
be continued to the fourth degree, all the various branches lying in 
one plane. The ultimate branchlets, where they abut on others, cut 
off one or rarely two minute cells at their tips.'These grow out into 
short haptera or tenacula (fig. 138 B, h) with a lobed apex which 
becomes firmly fixed to the other branch, and in this way the whole 
pinnate branch-system becomes firmly connected to form the blade. 
One species of Struvea is found in the tropical sponge Halichondria (212) 
ramifying through its substance in the form of irregularly branched 
threads and at certain points causing wart-like elevations where the 
normal stalked blades appear. 

The long stalk of the monotypic Chamaedoris ((23), (24) p. c<v ( 2 S)\ 
shows constrictions along its whole length and terminates in a rounded 
or cup-shaped structure (fig. 138 C) composed of numerous felted 
irregularly branched threads with a single series of segments. At the 
apex of the primary stalk-like vesicle, where most of the contents 
accumulate, a series of usually three segments decreasing in size from 
below upwards is formed by segregative division (fig. 138 El. From 
each of these, as well as from the top of the stalk (fig. 13S F), a whorl 
of branches arises (cf. Dasycladaceae) which by their rich ramification 
give nse to the feltwork of the cup. The firmness of the felt is increased 
by the outgrowth from the filaments of short rhizoids (fig. n 8 D 

threads 31 thC,r expanded tips come into close contact with other 

The altogether tropical genus Cladophorupsis (dS), (24) P 42 (I7;t) } 

t ~ f T^ branched I fi,amcntS * oftcn show ing unilateral ramifica- 
twiLdl Cxh ‘ b,t,n 8 a P ,cal growth (fig. 1 3 q A, B). The threads are 
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lobed hant^ f h,a T C ‘ nt l ,S br ° UKht about b y mean S of occasional 
arising dfr H f ? rmc 7 at , thc ends of. Short side-branches or sometimes 
g directly from the longitudinal walls of the cells (fig. 130 C D) 

offtheb C feat r °f the r r nUS 1S thc USUal ab — of septa cuitmg 
ott the branches at their base (cf. fig. , 39 A. B). Early stages have not 
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plants are formed by segregative division (fig. i 39 E, F), and 
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the branches usually arise from them in the same way as in a Siphono- 
cladus. Branches may, however, also originate from small lenticular 
cells cut off as in a Valonia ((24) p. 45). 

A similar form is constituted by Boodlea , 1 but this is more copiously 
branched and often shows opposite or whorled arrangement of the 
laterals (fig. 139 G, H). The branches are joined to form a spongy 
cushion-like network by means of short haptera formed at their apices 
(fig- 1 39 K). In this genus septa are found at the bases of the branches. 
Cladophorapsis and Boodlea lack the annular constrictions of the forms 
previously described. 

The genera Microdictyon 2 and Anadyomene 3 form small foliose 
expanses resulting from the abundant branching that occurs essen¬ 
tially in one plane. In the former the branches do not fit closely, so 
that they give rise to a rather regular and minute network in which 
the main threads stand out as more or less prominent veins, the whole 
resembling to a remarkable degree the skeleton of a dicotyledonous 
leaf (fig. 140 B). In Anadyomene , however, the branches are far more 
closely placed and in their entirety unite to form a usually continuous 
expanse (fig. 140 A). Both genera are mainly found in tropical seas, 
the species of Microdictyon usually inhabiting deep water; M. Agard- 
hianum occurs in the Mediterranean. In both genera the lower 
segments of the thallus are produced into numerous, often thick- 
walled rhizoids which in their upper part are woven together to form 
a stalk (fig. 140 C). 

In Microdictyon the branch-system consists of uniform cylindrical 
cells, those of the main axes only differing in size from the others. The 
ultimate branchlets grow vertically towards others, and at the points 
of contact become connected to them either by a thickened cellulose¬ 
ring (fig. 140 D) or by a tenaculum which is not cut off by a septum. 
In Anadyomene the main axes and their principal branches are com¬ 
posed of large club-shaped or cylindrical cells, while the wide inter¬ 
spaces between these are occupied by numerous pinnately arranged 
and closely aggregated unicellular laterals which are oval in shape 
(fig. 140 C) or sometimes lobed, the whole fitting together to form a 
uniform expanse. Where the branches abut on one another they arc 
joined by cellulose-rings. The lobes of the smaller branches sometimes 
also grow at right angles to the general surface and may give the 
appearance of a definite cortex on either side of the main system (25). 

The mode of division in the two genera just discussed has not yet 
been established. Boergesen ((25) p. 34) gives some details of branch- 
formation in a species of Microdictyon which he regards as affording 
evidence of segregative division, but this is not very strong. The two 
genera probably belong to the Valoniaceae, but their real affinities must 
remain unsettled until their detailed development has been studied. 


1 See (24), (27), (31), (» 3 o), (215). 

2 See (13), (25) p. 27, (80), (172), (186). 


• See (1), (25) P- 25 , (So)- 



VALONIACEAE 



«me 





SIPHONALES 


424 

The diverse genera included in Valoniaceae, in conformity with 
Printz0s8), might equally well be referred to a number of separate 
families, as Boergesen (25) advocates. Thus, we have in the first place 
Valonia and Dictyosphaeria , closely related to Halhystis (p. 373), which 
Printz also classes in this family. Ernodesmis, Siphonocladus , Struvea, 
and Chamaedoris form another apparently natural group characterised 
by the annular constrictions on the main axes and sometimes also on 
the branches. Cladophoropsis and Boodlea are more definitely fila¬ 
mentous forms, while Microdictyon and Anadyomene are essentially 
distinguished by their habit. Should these two genera prove to belong 
here they would occupy the same relation to Cladophoropsis and Boodlea 
as Struvea does to Siphonocladus. 


The Reproduction of the Valoniaceae 

Reproduction by swarmers is known in practically all cases. They 
are formed simultaneously in large numbers from the ordinary seg¬ 
ments of the thallus (cf. figs. 135 F, 137 G, 140 E), and often most of 
these, apart from the rhizoids, may be involved. In Anadyomene , 
however, swarmers appear to be produced only in the smaller laterals. 
The swarmers are liberated from one ( Boodlea , fig. 139 I; Micro¬ 
dictyon , fig. 140 E) or more ( Valonia , Dictyosphaeria , Cladophoropsis , 
Siphonocladus , fig. 137 G, etc.) apertures which are sometimes 
situated at the ends of slightly protruded portions of the wall. They 
are mostly bifiagellate (fig. 135 J), although four flagella have been 
reported in Valonia(u 3). Sexual fusion has so far not been observed, 
but Schussnigosz) records the occurrence of a reduction division 
prior to swarmer-formation in V. utricularis, so that it would seem 
that the swarmers of the Valoniaceae are gametes and that this family 
is diploid like other Siphonales. 

In several cases ( Ernodesmis , Struvea , cf. (24) p. 56) the proto¬ 
plasmic contents of a segment have been found to divide into a 
number of rounded masses, which become enveloped by a membrane 
as in segregative division. These bodies appear to constitute cysts 
which give rise to new plants. Similar structures have been observed 
in Valonia and Siphonocladus ((24) p. 29, (134)). This suggests the 
possibility of regarding segregative division as a process of cyst- 
formation, in which the cysts develop in situ , instead of outside the 
parent plant. On this view the diverse members of the family would 
consist of colonial aggregates of coenocytic individuals resulting rom 
retention of the reproductive units. Boergesen (<«8> p. 265) has also 
compared the process to the formation of cysts in the gametangia ot 

the Dasycladaceae. 
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C g ) THE FAMILY CHAETOSIPHONACEAE 

Wille(221) and Printz(is8) include in the Valoniaceae the two simple 
genera, Chaetosiphon and Blastophysa, which combine a multinucleate 
organisation with the possession of hairs like those of the Chaeto- 
phoraceae. Some authorities (« 4 . 07) have therefore referred them to the 
Chaetophorales, but the mere possession of hairs is scarcely sufficient 
to warrant this. Chaetosiphon moniliformis ((97) p. 338), only once 
observed as an endophyte in dead Zostera leaves in the Mediterranean, 
consists of a branched unseptate thread with occasional marked con- 
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morpha. D, B. polymorpha (Kieltm 1 ’ tmn the tha,lus of Entero - 

at the top in L tlZSS diS™' C °"°,■=>'“, by thread,. 
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outgrowth, the empty part subsequently becoming cut off (cf. Chaeto - 
sphaeridium , p. 287). Division of the coenocytes also occurs (164) and 
a detailed study of this process might shed some light on the affinities 
of the genus. 

T he zoospores are biflagellate in Chaetosiphon (fig. 141 E), quadri- 
flagellate in Blastophysa. In the former they are produced in a part of 
the filament which becomes cut off by a septum and are stated to escape 
through the hairs which open at their tips. In Blastophysa they develop 
in the ordinary coenocytes (fig. 141 C) from which they are liberated 
through a kind of neck. 


(h) THE FAMILY PHYLLOSIPHONACEAE 

I he commonest of these siphoneous endophytes is Phyllosiphon 1 
which inhabits the intercellular spaces of the leaves and petioles of 
various Araceae, mostly in the Tropics, although P. Arisari Kuhn 
occurs in Arisarum vulgare in Europe. 2 Another genus, Ostreobium 
(29.157), is found in the old shells of marine Molluscs (oysters, etc.), 
not uncommonly together with Gomontia polyrhiza or in the cal¬ 
careous substance of Corals. The richly branched threads of Phyllo¬ 
siphon (fig. 142 E) do not penetrate the host’s cells, but those sur¬ 
rounding the intercellular spaces occupied by the alga are stimulated 
to abundant division, so that gall-like swellings are produced (fig. 
142 A); ultimately the adjacent cells are killed, so that the presence 
of the endophyte also makes itself noticeable by the appearance of 
discoloured patches. The threads possess numerous nuclei, those at 
the colourless growing tips being relatively large, whilst in the older 
parts they are smaller as a result of repeated division. The threads 
also contain pale discoid chloroplasts, and according to Nicolas (138) 
Phyllosiphon is capable of photosynthesis from the time of spore- 
formation onwards. Ostreobium has a similar well-branched fila¬ 
mentous thallus in which a certain amount of anastomosis occurs 
between the branches and occasional septa are formed. 

Weber van Bosse’s Phytophysa (215) produces yellow or dark- 
coloured galls on the surface of the vegetative organs of Pilea 
(Urticaceae) (fig. 142 B). These contain large pear-shaped coenocytes 
with numerous chloroplasts (fig. 142 G, a). This genus might with 
almost equal justice be referred to the Chlorochytrieae (cf. (*47) 
p. 492), with which the Phyllosiphonaceae altogether have something 
in common. 

Reproduction is in all cases effected by oval aplanospores whic 
are formed in great profusion. In Phyllosiphon (fig. 142 C) the\ are 
produced throughout large parts of the thallus and when mature con 


1 See (32), (107), (114), <«19), («75>, (206)- ... 1 M 

* A species of Phyllosiphon has been found in Scotland by Frot. J. m 

Drummond. 
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tain a single nucleus and chloroplast (fig. 142 D). The threads possess 
a double membrane, the inner arising later than the outer. When the 
spores are mature, the outer membrane ruptures below a stoma, 
while the inner absorbs moisture and swells; pressure is thus exerted 
on the mass of spores which are extruded as a fine mucilaginous spray 
through the stoma. In Ostreobium the spores are formed in the clavate 
tips of the threads. In Phytophysa (fig. 142 H) the peripheral proto¬ 
plasm of the coenocyte becomes denser and alone forms the spores (5); 
between it and the central protoplasm (») several layers of sterile 
polygonal cells ( st) with cellulose walls are formed. The spores 
(fig. 142 F) are liberated in mucilage by rupture of the membrane 
of the coenocyte and of the overlying tissue of the host. 

The spores give rise to a thread which, in Phyllosiphon , penetrates 
the host either through a stoma or between two epidermal cells. The 
young threads contain very little chlorophyll and are probably 
parasitic, while the pale colour of the chloroplasts even in the mature 
threads speaks for a diminished assimilatory activity. The extent of 
the parasitism can, however, with our present knowledge scarcely be 
assessed. Phytophysa behaves like a Chlorochytnum, the tip of the 
outgrowth from the spore swelling to form the coenocyte which 
then becomes cut off from the empty part behind (cf. fig. 142 G, 0). 
Possibly Phyllosiphon is the only truly siphoneous member of this 
family. 


(1) THE FAMILY VAUCHERIACEAE 
Vegetative Structure 

The oogamous Vaucheriaceae occupy an isolated position with 
reference to the remaining families of Siphonales. They comprise 
the widely distributed Voucheria< 78.88.89.2n) and the monotypic 
Dichotomosiphon , established by Ernst (so> in 1902 and apparently 
commoner in America than in Europe. Heering ((89) p. 96) nas 
added a further genus Vaucheriopsis for a species of Vauchena 
(V. arrhyncha Heidinger, (90) p. 331) that differs in several. rcs P*^ 
from the others and approaches Dichotomosiphon, whilst \amadas 
Pseudodichotomosiphon (<«.»> p. 83, first described as yau chma cm- 
stricti -<»..» P- ■ .0) combines certain character.st.esof Dtc/to ^^^ 
and Vaucheria. The Vaucheriaceae are most widely distributed 

^Th^pede^oTVai^erm usually occur in situations where there 
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while this and a number of other species are frequent on salt-marshes 
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develop incrustations of carbonate of lime, and very striking examples 
have been observed in F. Debaryannum ’ S F 

Dichotomosiphon is aquatic and Smith (<.ss.> p. 273) mentions 
records of its occurrence in deep water. The threads of this alga grow 
erect (fig. 144 A) and, in their dichotomous branching with marked 
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Fig- ! 43- Asexual reproduction of Vaucheria. A, B, I aucheria sp., formation 
of septa in injured thalli. C-G, V . repens Hass.; C-F, formation and libera¬ 
tion of zoospore; G, part of periphery of latter. H-L, V. piloboloides Thur.; 
H, formation and I, liberation of aplanospore; J, K, direct germination of 
sporangium; L, proliferation of thread into dehisced sporangium, pushing 
aplanospore in front of it. M, N, V. uncinata Kiitz., formation and liberation 
of aplanospore. a , aplanospore; c t chloroplasts; n y nuclei. (A, B after West, 
G after Strasburger; H-L after Ernst; the rest after Goetz.) 
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Injury to the thallus of a Vaucheria results in the formation of a 
septum (fig. 143 A, B) cutting off the injured part(86. 124); otherwise 
septa are rarely formed except in connection with reproduction. 


Asexual Reproduction 

Apart from abundant vegetative multiplication by means of detached 
fragments, prolific asexual reproduction of Vaucheria is effected by 
the familiar multiflagellate zoospores. 1 These are produced singly in 
dub-shaped sporangia which are cut off from the somewhat swollen 
ends of branches. Into these large numbers of chloroplasts and nuclei 
stream so that the central vacuole diminishes in size and the tips 
appear deep green (fig. 143 C). K 

At the base of the developing sporangium a transverse bridge of 
colourless cytop.asm appears which breaks across its middle (fig. 142 C) 
after which the two severed protoplasts contract and separate slightly 
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Not all species of Vaucheria, however, produce zoospores. Aplano- 
spores, formed when the plants are exposed to drought, constitute 
the normal means of asexual reproduction in a number of species. In 
V. gemtnatauzs) and V. uncinata ((78), (108) p. 90, Un)) the aplano- 
sporangia, which usually arise at the ends of short laterals, possess 
a more or less rounded form, and the spores enveloped in a thin 
membrane merely drop out of the sporangium after the wall of the 
latter has torn open irregularly (fig. 143 M, N). 

In V . piloboloides i 227), on the other hand, the aplanosporangia 
resemble the ordinary zoosporangia in form and position and liberate 
the elongate aplanospores in the same way through a narrow apical 
aperture (fig. 143 H, I). According to Ernst ((6i) p. 370) the aplano- 
spore enlarges considerably during liberation, while a slight con¬ 
traction of the empty sporangium-membrane is evident. It seems 
probable that a considerable osmotic pressure is realised within the 
intact aplanosporangium and that this leads to its apical rupture, with 
the subsequent contraction of the membrane. V. piloboloides serves 
to connect the normal mode of multiplication by zoospores with the 
special type of aplanospore-formation met with in V. uncinata, etc. 
In the former species the aplanospores have been observed to germi¬ 
nate within the sporangium, or the whole sporangium without 
contraction of its contents may grow out into a new thread (fig. 

H 3 J» K )- 

In Dichotomosiphomsv) no zoospores are formed, their place being 
aaken by somewhat irregular club-shaped akinetes (gemmae) formed 
at the ends of special thin rhizoid-like branches (fig. 144 C) and 
separated from the empty part behind by a thick brown septum (r). 
These structures may well be equivalent to an entire aplanosporangium 
of V. piloboloides. A somewhat similar formation of akinetes has been 
recorded in V. megaspora Iwanoff(99), where they arise at the ends 
of short lateral branches which receive all the protoplasmic contents 
of the adjacent parts of the thread before becoming cut off by a 
septum. They sometimes germinate in situ. 

The zoospores of Vaucheria generally escape in the morning or 
after the plants have been in darkness. According to Klebs(ioS) they 
can always be obtained if filaments kept moist for some days are 
soaked in water or removed from a dilute nutritive solution into pure 
water or transferred from running to still water. The zoospores are 
sluggish in their movements which continue only for about fifteen 
minutes. On coming to rest the flagella are withdrawn an a t in 
membrane is secreted; germination follows almost immediate y V 
the protrusion of one or two tubular outgrowths, one of which usually 
attaches itself to some substratum by a colourless lobed holdtast 
(fig. 144 H-J). The akinetes of Dichotomosiphon, which can pass 

through a resting period, germinate in the same wa>. 
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Stahl (193) and Puymaly(i6i) have observed in terrestrial forms of 
I 'aucheria geminata and V. hamata , probably in response to drought, 
a septation of dichotomously branched filaments into a series of seg¬ 
ments separated by thick gelatinous transverse walls, the segments 
being replete with oil (fig. 144 F). The cysts thus formed may remain 
connected for a time by the membrane of the parent-filament, con- 



r. g yoi 4 ng ; 

Vaucheria geminata DC. (after Stahl)* F r* nno VO a ^ CII } etes (£)• D—G, 

akinetcs; D, libera,ioo of ™", ents ’fj ,£™T”T' " ,,h Jhick-"ailed 
H-J, V. sesrilis (Vauch ) DC (after Who « ebae; G * germinating cyst, 
rhizoid ; se'ptutn W of zoospore. 



Fig. 145. Sexual reproduction of Vaucheria. A, V . hamata (Vauch.) Lyngb.; 
B-G, I-K, M-O, V. sessilis (Vauch.) DC.; H, V . synandra VVoron.; L, 
V . pachyderma Walz; P-R, F". aversa Hass. A, oospore in oogonium, 
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stituting the so-called Gongrosira- stages. 'I'he cysts either grow direct 
into a new thread (fig. 144 G) or, when they are approaching maturity, 
can divide to form a number of small masses which are liberated as 
amoebae (fig. 144 D, E) and which likewise subsequently give rise to 
new individuals. 


Sexual Reproduction 

I he ordinary method of preparing for a resting period is by the 
production of oospores which is of frequent occurrence in nature. 
The majority ot the members of the family are monoecious, but the 
large Vaucheria dichotoma is dioecious. In Vaucheria the antheridia 
and oogonia usually arise close together at intervals along the threads 
(Jig- *45 E), but in some species (V. terrestris Lyngb., V.gcminata) 

they are found on special side-branches with a terminal antheridiuni 
and a number of lateral oogonia (fig. 145 A).* There is, however, 
considerable diversity of arrangement, even in different individuals 
of the same species. The development of the sexual organs has been 
studied in a considerable number of species.* Regarding the con¬ 
ditions of formation of sex organs, see (108), (126). 

The oogonia in Vaucheria usually appear as sessile or very shortly 
stalked lateral outgrowths. They soon assume a more or less rounded 
form (hg. 145 B, C) and ultimately (sometimes only just before 

whirh Satl0n, r f ‘ (38 '’ r i ,28 . ,) become cut by a septum near the base 
which according to Davis( 4 4) and 01 tmanns(. 4 s) is formed in just the 

p 2 ?; h CUtting ° ff ! he , “sporangium. At this stage 

olfsts but’ C °7 0n,um “ dense| y filled with oil and chloro- 

plasts, but contains only a single central nucleus which gradually 

acquires quite considerable dimensions (fig. , 45 D,/) According to 

Mundieii.S) one or .wo periods of nuclear ditiion a re recogn'fble 

developing oogonia,4, .. Cha " B ' m “ y ' ake place in 

1 See (38), (44,. (go), (|2H)( (14J) (IJJ) (2J3) 


shovv nuclei^ LTjateTstage 'nuclei DO rctu^ ’ C ’ y ° U " B °° KOn,um Gained to 
oogonium shortly before aperture is formed'T 'kT'" thrcad . : E : scx organs, 
G, oogonium at fertilisation stage - H sDermit^’ T? 8 ” '? fert,1,sation I 
«n synapsis; J, young sex organs L vln ' : nuc,eus of *>*ote 

to main thread; M O develoDmenr If ! 00 «onium. nuclei («) returning 

of same; P. Q*. su««st e Igg in dXSZZS? 1 ?’ 
movement of the special cytoplasmic J ° f °°« on,um . showing 

R. fertilisation, a an«£idi um r 7 * th * s “P cr ™™rary nuclei; 

nucleus ; n, nuclei - o ooiranium • \ ' ch, ? ro P ,asts : /. female and m, male 
r (in N), residual cytoplim• s ^ t0plasmic mas s of oogonium; 

aperture. (A, G after Wesf’jH after Wornnm' 7 ’ ^ tem ^ nne over oogonial 
after Couch; L after Heidinger; PR 
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in the developing oogonium, which is denied bv Williams. The 
uninucleate condition is in all probability attained by all but one of 
the nuclei returning to the main filament (38. <*>.. 4S > (fig. 14c D, L) 
although Davis (44> believed he had established that it arose bv 
degeneration of all but one and this has been reaffirmed bv Williams 
(223). Couch (38) has demonstrated the former condition very clearly 
• or a number of species and has traced the movement of a special 
mass ot cytoplasm containing the supernumerary nuclei from the 
oogonium back into the main thread (fig. 145 P, Q, R,/>). 

I he maturation of the oogonium is marked by the development 
of a usually one-sided beak (fig. 145 D, E, L), the tip of which gela¬ 
tinises and forms an aperture opposite to which lies the colourless 
receptive cytoplasm of the ovum, part of which is extruded in the form 
of a sphere (fig. 145 G, R). 1 hereupon the chloroplasts and oil-drops 

take up a centralposition(always?)leavingaelearsuperficiallininglayer 

(fig. 145 E), while the whole ovum contracts more or less markedly 
as a result of the extrusion of sap from the central vacuole. In 
V. dichotoma (190) the spherical oogonia have the aperture situated 
apically (fig. 146 I*), while in some ot the marine species (e.g. V. coro- 
nata Nordst.) the oogonia develop several apertures. 

In I aucheriopsis (<jo), where the sexual organs are borne on short 
lateral branches, the oogonia do not develop a beak and their membrane 
breaks open irregularly at maturity, so that the ovum is held loosely 
within the open female organ (fig. 146 D). Dichotomusiplwn(s9 ) pro¬ 
duces its sexual organs at the ends ot terminal forking branchlets of the 
main threads, each oogonium and antheridium being situated on a 
separate branch (fig. 146 B); after fertilisation the thread below’ the 
sex organ can carry on vegetative growth. There is no contraction 
of the ovum which from the first contains hardly any vacuole; the 
septum is formed only just prior to fertilisation. In neither genus is 
there any extrusion ot cytoplasm from the receptive spot. Pseudo- 
dichotomosiphon 12316) resembles Vaucheria in having the sex organs 
arranged along the sides of the threads. 

The antheridia of Vaucheria, which mostly develop simultaneously 
with the adjacent oogonia (fig. 145 B), commonly appear as strongly 
curved cylindrical tubes which become cut off from the thread by 
one or by two septa, usually situated rather high up in the tube 
(cf. fig. 145 E, G). The nuclei within the young antheridium (fig. 
145 M) undergo further subdivision (not in V. geminata according 
to Williams), and ultimately a small mass of cytoplasm becomes 
appropriated to each to constitute a spermatozoid. In the mature 
antheridium of V. sessilis the spindle-shaped spermatozoids form a 
radially arranged group betw’een the central vacuole and the unused 
peripheral cytoplasm (r) containing the chloroplasts (fig. 145 N, O). 

It seems that in other species there are differences in detail, as Olt- 
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manns ((.46) p. 424) points out. In particular it should be noted that 
the mature antheridia of many species (V. piloboloides , V. Thureti, 
etc. (227)) are quite colourless. Opening of the antheridia usually takes 
place by a single apical aperture (fig. 145 R), but in V DebaryanaW) 
and others there are several apertures (fig. 146 C). Some of the waste 
cytoplasm is usually extruded with the sperms. The antheridia show 
considerable differences in form and mode of opening and the 
classification of the species is mainly based on these features. 




Fig. 146. A. B. Dichotomosiphon tuberosus (A Rr 4 . , , 

of oogonium alter fertilisation; B Broun'of if (aft « r Ernst) ! A . apex 

Vauchena Debaryana Woron (aft. r U-! P • \ °?* on,a and antheridia. C 

(Heid.) Heering (after He^inie?rol ° n,n) - Vau ^erio P sis arrhyncha 
Vaucheria dichotoL Ag.Tafter VValz) e ZI a V Un » of ^.ation. E F , 


aperture 


quite coburle^they are^oiided u^w^llf °U pear ' sha l 5ed - and 
one pointing forwards and the other backwlr W ? fla g e,la . 

many cases probably the adjacent nnJ' w x 45 H). In 

probably no truth in older J account? mUm ? fertll,sed » but there is 
that there is any direct fusion het!’ T* y rev,ved b Y Mundie, 

receptive portion of the oogonium " ^ anthendiu ™ and the 

After fertilisation in a „, embrane firs[ ^ ^ 
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oogonial aperture (fig. 145 K, w), and subsequent to this the thick 
several-layered envelope of the zygote (fig. 145 A) is secreted. At the 
same time the oil-drops unite to form a small number of central 
globules, while the chloroplasts disappear or at least become un¬ 
recognisable. In most cases the central cytoplasm of the oospore 
contains a number of reddish or brownish bodies which are regarded 
as degeneration products of the chlorophyll. Both in Vaucheriopsis 
and Dichotomosiphon , however, the oospores retain a normal green 
colour and only develop a relatively thin envelope. Those of the latter 
remain enclosed within the oogonia which do not become detached 
from the parent threads. The oospores, after a resting period, always 
germinate direct. \\ ettstein (218) has caused artificial parthenogenesis 
in V. hamata by pricking the mature oogonia. 

The investigations of Hanatschek<8 5 ), though not absolutely con¬ 
vincing, make it highly probable that reduction occurs in the first 
nuclear division in the germinating oospore of Vaucheria\ the only 
decisive stage seen was that of synapsis (fig. 145 I). MundieOzS) had 
previously affirmed that reduction took place in the maturing 
oogonium, but the evidence produced in support of this view is 
altogether inconclusive. It remains to be seen whether Dichotomo¬ 
siphon is likewise haploid. 


The Affinities of the Vaucheriaceae 

The exact relationship of the four genera included in the Vaucheria¬ 
ceae is still uncertain. There is so much resemblance between the 
sexual organs that it is difficult to believe that the forms here grouped 
together have not arisen from a common ancestry. Nevertheless, in 
view of the very marked parallelism that the researches of the last 
twenty vears have displayed between algal forms of quite different 
affinities, such a possibility must not be dismissed. That Dichotomo¬ 
siphon belongs to the Siphonales can hardly be doubted in view of its 
metabolism and the marked resemblance to Codiaceae in the vegetative 
characters. It is Vaucheria that is under suspicion, and it cannot be 
denied that some of its characters point rather to Xanthophyceae 
(Heterokontae) than to Siphonales. These characters are the stated 
presence of more xanthophyll than usual in the chloroplasts (06), (158) 
p. 328), the usual storage of oil and absence of starch, and the mode 
of arrangement of the flagella on the spermatozoids, although in this 
last respect there is not much resemblance to the true Xanthophycean 
type. Pascher (see (89) p. 69, footnote) further expresses doubts as 
to the equality of the pairs of flagella on the zoospores. In how far 
Vaucheriopsis shows features, apart from the nature of its food- 
reserves, that would separate it from Vaucheria is at present not clear. 
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In some respects (e.g. the behaviour of the oospore) it certainly helps 
to link the latter genus with Dichotomosiphon. 

It cannot be questioned that the development of the reproductive 
cells exhibits many points of analogy with the Oomycetes (cf. (44), 
(223)). Thus, the compound zoospore of Vaucheria , like the gonidium 
of various Peronosporaceae, no doubt represents the contents of an 

1 • • > * is even more marked where 

substitution of aplanospores has taken place. The akinetes of Dicho- 

tomostphon afford another parallel. There are also similarities in the 

detailed structure of the sex organs. How far such resemblances are 

indicative of real affinities and how far they may be the result of 

convergent development against a siphoneous background it is at 
present impossible to say. 

Pnntz ((,58) p 252) and others regard the Monoblepharidaceae as 
colourless members of the Siphonales. Possibly Allomyces' should 
be treated in the same way. 

Taxonomy 

fi-ss a ass* 

^y° ,iPh0naC ‘ at: FO "‘ CU ' ana ' Halic ystis , Pro.os.phon, Sphaero- 

3: £ Caukrpa ' 

Coelosphae ridj urn** Cymopolllf ^ Dact" 'l "* 1 k™ 1 ' 5 «°P h °">. Borne.Cla. 
Diplopora, P* 8 'J e,,a - 

cladus, Primicorallin-i ’ 11 J?, 213 ’ Neorn ens, Palaeodasy- 

Vermiporella. ' Rhabd °P° re ''a, Thyrsoporella. Triploporella, 

Bouelna. Cod.un, Di mor . 

codium, Rhipidodesmis Rhinilia RK' P ° r f f’ P en, cillus. Pseudo- 
Flabellaria). ’ Rh,p,ha > Rh.pocephalus, Udotea (including 

sis'- 

Struvea, Valonia. ' ‘ itrodictyon, Siphonocladus, 

s’ PhZ'o,tk°" a " ar: B |as, °P h y s a, Chaetosiphon. 

, s&r;“DicLr m °„ b :z' Ph y ,o PhyS a. 

cheria, Vaucheriopsis. S P ° n ' Pseud °dichotomosiphon,Vau- 

1 See Kniep, in Ber. Deutsch. But Ges 47 
22 - 433 ~ 4 «. 193 °- ‘ ' 47, *99-212, 1929; Zeitschr. But. 
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Order IX. CHARALES 

The Charales stand considerably apart from other Chlorophyceae in 
the complexity of their sexual reproductive organs, the occurrence 
of a protonemal stage in the development of the zygote, and in certain 
features of their vegetative organisation. For these reasons many 
(1.30.47.62) have regarded them as representing not onlv a distinct 
class, but even a distinct division of the lower plants, whilst some 
(6.13,78) have suggested a transference to the Brvophvta. These points 
of view are discussed on p. 465, but it may be emphasised here 
that the Charales are haploid like so many other Chlorophvceae 
and like all the known oogamous forms and that, in vegetative 
organisation at least, considerable parallels are to be found in other 
Green Algae (cf. Drapamaldiopsis , p. 254). The sex organs, and in 
particular the anthendium, though quite unparalleled among the 

of plants 6 CqUa y unique when considered in relation to other groups 

The members of the only family, the Characeae, Ire widely dis- 

25 “*? T'a K hlCh T n0t Subject to to ° much movement 
and which afford the sandy or muddy substratum in which the 

r^nfin?H ng t ^ ^ hnd a suitable foothold; some species are 
confined to fresh, others to salt water (Chara baltica) whilst vet 

others occur in both habitats <s 7 ). They are able to exist with a small 

supply of oxyg 6 " ^, and can thrive where the substratum comTins 

?h < .ltK° m K OS, ? g u matter ( fre< l uentl y including H,S. cf ( s->)- 

found i her ha . nd . . the >' re 4 uire pure water and are scarcely to be 
found in water liable to become turbid or where there is aAv con 

Uminationoo). They usually form extensive subaquat.c meadow-s and" 

us sr 

the accumulation of considerable calcareous'dfposhs 0 ^." 

M^uttod’re^r^onl^dm b >' 

that they excrete substan re* k i • • j. ex P ression of the view 

opinion there is a. present at leai'nS fa£E££. 

Vegetative Structure 1 

See to), (,3). to), to), to). (40. (47). (6s), 
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(fig. 147). The laterals (often spoken of as “leaves”) arise from 
special nodes consisting of a transverse layer of cells, while the elongate 
internodes are composed of a single cell which is, however, corticated 
in Chara and its allies. The plants are practically always erect and 
commonly grow to a height of about 20-30 cm., but some (e.g. Nitella 
batrachosperma, fig. 147 C) are much smaller, while at the other 
extreme Nitella cernua A. Br., an inhabitant of Tropical America, 



Fig. 147. Habits of diverse Characeae (all after Groves & Bullock-Webster). 
A, Chara hispida L. B, C. vulgaris L. C, D, Nitella batrachosperma (Reichenb.) 
A. Br.; D, apices of ultimate branches, as, axillary (long) shoots. 


may attain to a metre or more in height, with internodal cells reaching 
a length of 25 cm. The shoots are negatively geotropic and positively 
phototropic, and growth-curvatures in response to stimuli take place 
in the still growing internodes (63). 

Growth is in all cases effected by a dome-shaped apical cell 
(fig. 148 A, tji), cutting off a single series of segments ($) parallel to 
its flat base. Each segment divides into a biconcave upper («) and 
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a biconvex lower half (;), of which the former gives rise to a node and 
the latter to an internode (cf. also fig. 148 E). This primarily fila¬ 
mentous construction soon acquires the mature differentiation by the 
more or less considerable elongation of the internodal cell (figs. 147, 
148 A). At the same time the nodal cell divides lengthwise into two 
(fig. 148 F, G, j), and this is followed by the successive appearance 
of a number of curved septa (2, 3, 4) cutting off a peripheral series (/>) 
of usually six (sometimes eight, e.g. Nitella opaca , or ten 1 ) cells from 
two central ones which latter subsequently undergo a few further 
longitudinal divisionsua^). The peripheral cells become protruded 
to form the apical cells of laterals of limited growth (fig. 148 E, /) 
which are cut off successively from the marginal segments of the 


I he laterals exhibit the same method of segmentation as the main 

axes but the internodal cells commonly remain rather short (fig. 

147 B) and sooner or later their apical cell ceases to divide often 

assuming an elongate pointed shape. The successive whorls of these 

laterals of limited growth alternate, since the first longitudinal wall 

in the young nodal cell stands at an angle of about 3V to that in the 

next older node below, the shifting of the plane of division being in 

a counter-clockwise direction from below upwards (( 7 », (,3. (,807) 

P- 164). The first-formed laterals of the whorls thus collecfiveiylie 

, enc, ^ lin g lhe main axis, and this spiral arrangement is 

nd P o Te ‘ n f ° ld , er par ? b >; a lcf <-handed torsion of the internodes 

branching b ^ ^ are P resent - Further whorled 

branching often takes place from the nodes of the primary laterals of 

on he v g e r n °tm. l t ie fL** ° f th ~ SeC °" dar >' inches always" -ing 
do no? entra , s,d I e of the primary branch; these secondary branches 

fho"e oT“mi e y d r " at h ( 1 8 ’ H7 A ' B) ' B >' comrast <° tha ><>"8 axes 

right(,“ gr ° Wth Sh ° W a tendenc y towards torsion to the 

a nodal^ceU (fiTmS E h°K ?'*'? ical cel1 ° f a lateral becomes 
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Fig. 148. Structure of Characeae. A, C, K-M, Chara fragilis Desv.; B, F, 
G f I. J, C. aspera (Deth.) Willd.; D, Nitella syncarpa (Thuill.) Kutz., t,, 

N. gracilis (Smith) Ag.; N, CAara A«/>i</a # (L.) Wallr. A, apex of shoo 
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axes in the red alga Batrachospermum and other similar forms. The 
first segment cut off by the apical cell of the long lateral again divides 
to form a basal node. 

If the main apical cell be damaged, growth is continued by the 
uppermost lateral of unlimited growth which, much as in a higher plant, 
gradually takes up a position in the continuity of the main axis; if all 
the long laterals are removed, a new growing point arises from a cell of 
the uppermost node(7.63). The apical cell of a short lateral cannot be 
replaced and its destruction leads to a cessation of further development 
of the lateral. 


The basal nodes of the short laterals are also the points of origin 
of the characteristic cortication found in most species of Chara and 
Lychnothamnus (*«), but altogether lacking in Nitella and Tolypella. 
This cortication (cf. fig. 149 A) arises by the development from 
certain cells of each basal node of one upwardly (a) and one down¬ 
wardly ( d) growing thread. These threads remain closely apposed to 
the internodal cells and grow at the same rate as the latter so that the 
intemodes are corticated from the very first (fig. 148 A, co)\ the 
upwardly growing thread from one node meets the downwardly 
growing one from the next node above (cf. the right-hand side of 

g. 149 A). Where a long branch arises, however, the upwardly 
growing thread is suppressed. 


a , Tk C C T Ca l thre L ads show the same general morphological features 

«ow.ha„H r b " ancheS ° f the P ,a "'- Like them, they exhibit apical 
growth and undergo segmentation into nodes and internodes (fig. 148 

two lateraf AT™!? by tWO rad,aI wal,s *"“> a median («> and 

.f C ! 3 / In S ° me s P ec,es ( c «- C. crinita Wallr.) the latter 

noda "iT* Vu bulk ° f the corticalion » due to the long inter- 

the e on e " S t 0f tbreads ‘ In ° thers («•»• C. fragilis Desv.), however, 

panies the I? f ‘"‘"nodes of the cortical threads, that accom- 

ST, “ tl<ST/ TOW u m lC ? gtH ° f tHe under, yi"g intemode of the 

the nodes nf W ‘ lh *, s, / nultaneous elongation of the lateral cells of 
nodes of the cortical threads (fig. , 4 8 M). As a result three rows 
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of elongate cells correspond to each short lateral (cf. fig. 149 G), the 
middle row including the short median cells of the nodes of the cortical 
threads. In still other cases (e.g. C.foetida A. Br.) the elongating lateral 
cells of the nodes become interposed to form a single row of long cells 
separating the main series. In many species of Chara the short laterals 
develop a similar cortication. 

The median cells of the nodes of the cortical threads divide by a 
tangential wall into a smaller inner and a larger outer cell (fig. 149 A, 
lower part, pe), which may merely form a slight protuberance but not 
uncommonly develops into a spine (cf. fig. 147 A) or may even divide 
into a number of cells, each furnishing a spine; such spines are 
morphologically comparable to laterals of limited growth. It will be 
clear from the preceding description that the development of the nodes 
of the cortical threads is a one-sided one, since the peripheral cells are 
cut off only on the outer and not on the inner side. Moreover, it will 
be realised that the cortical threads correspond to metamorphosed 
lateral branches of the basal node which are altogether suppressed in 
the genera lacking cortication. 

In Chara (47) the basal nodes of the short laterals not uncommonly 
produce unicellular outgrowths, which are sometimes spinous, in one 
or more series underneath the lateral (fig. 148 N, o). In Nitella 
hyalina (20) these structures are branched. Such outgrowths have been 
called stipules, a term which is just as misleading in its implications as 
the designation leaves for the short laterals. 

Attachment is effected by multicellular branched rhizoids (cf. fig. 
152 r) with apical growth, arising from the peripheral cells of the 
lower nodes of the main axes, especially from those that are buried 
in the substratum. These rhizoids possess oblique septa (fig. 148 B) 
and do not show differentiation into nodes and internodes (cf. how¬ 
ever (26)). The nucleus invariably lies at the apex of each cell, outside 
the domain of the rotating cytoplasm (cf. p. 453), and in the older 
cells assumes an elongate thread- or band-shaped form (44). At the 
septa the ends of the adjacent cells are protruded in opposite directions 
(fig. 148 B, C) so as to form a kind of joint, whilst from the protrusion 
of the upper cell a segment is cut off which, dividing into quadrants 
followed usually by further septa, gives rise to tufts of branch- 
rhizoids (fig. 148 C, I, J); these may branch further in the same 
manner. The plate of cells (e) from which these rhizoids originate 
can be interpreted as a basal node. 

Every node probably possesses a potential capacity to form rhizoids, 
their normal production only at the lower (older) nodes being ue to 
an inhibiting influence of the apical cell, since if the latter be re 7'.°^?, ’ 
rhizoids also develop from the younger nodes(7.63). The rh,z °‘“ 
function as organs of attachment, but also play a considera e par 
the absorption of mineral salts(8o,8i). 
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Cell-structure 


The cells of the Characeae contain numerous small discoid chloro- 
plasts, of oval shape and devoid of pyrenoids, lodged in the peripheral 
layer of the parietal cytoplasm. Except in the elongated internodal 
cells the protoplasmic contents are dense; the single nucleus is usually 
centrally placed and in older cells contains a considerable number of 
nucleoli (fig. 148 A). All the greatly enlarged cells have a huge 
central vacuole, and in these the nucleus becomes lobed and gradually 
multiplies by a process of amitosis(34.68 >7 4). The resulting nuclei are 
distinguished by the possession of large nucleoli and scanty chromatin. 

The mitotic division of the nucleus has been studied by diverse 
investigators and shows essentially the same features as in higher plants. 1 
There is difference of opinion as to the occurrence of centrosomes 
which would, however, appear to be lacking. The nuclei of the nodes 
are from the beginning much larger than those of the internodal cells 
ds.74). The number of chromosomes varies greatly in the different 
species (43). The cells usually contain, apart from the nuclei, deeply 
staining masses which various investigators believe to'be extruded from 
the nucleoli (48.64), although this is denied by Karling(37). 


In the elongate cells the chloroplasts are arranged in well-marked 
longitudinal series which show a spiral trend in the internodes of the 
long axes although this is not recognisable or little marked in the 
laterals of limited growth. The less dense part of the parietal cyto¬ 
plasm, internal to that containing the chloroplasts, is in a state of 

nodal^cell°ther? long,t V dmaI direction,.and within each inter¬ 
nodal cell there is an upward stream on the one and a downward 

streanv on the other side (cf. (8), ( 4 „, < 4S >, (S3) ). The line G f separation 

s marked on either flank of the cell by a colourless streak where 

the dense arrangement of the chloroplasts in the lining cytoplasm 

is interrupted and where, according to Votava( 79 ), the 8 membrane 

twcTstreams! mWard ' y ridge ,hat <° segregate the 


related ““ is 

stream being situated below the oldest rho a • the ascending 

growth the ascending stream is on k • , * j J atera,s of hmited 

.'slntJtfsle’e "T 

growth is favoured on the side corrls^nTn"^^ 

1 See (« S ), (.6), ( 3J)> (37) , (43)> (ss)> (j8a) (7o)> (g3) 
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that of rhizoids on the side corresponding to the descending stream in 
the underlying internode(8). According to Cazalas(.i) young cells do 
not exhibit rotation of the cytoplasm. 

The membrane (14.85), apart from a superficial layer of unknown 
composition, consists of cellulose. The superficial layer is more or 
less gelatinous and appears to be the seat of deposition of the 
carbonate of lime. The cellulose layer is commonly provided with 
irregular internal thickenings. Of the diverse cell-inclusions that 
have been noted it is only necessary to mention curious protein- 
bod.es-m some species provided with numerous fine spinous 
pro^us ions found especially in the internodal cells( 57 .79) and highly 
refractive granules occurring in the rhizoids and interpreted by some 
(24.71) as statoliths (cf. however (86>). ^ 


Sexual Reproduction 

In their oogamous reproduction the Charales betray their marked 
specialisation no less than in the elaborate vegetative orlnbatt n 
The large spherical, bright yellow or red antheridia and the oval 

fig 8 s n ;;; V C it e B) n a:e c°o Pe ° f S P ira \ arra "g ed bright green leads 
V 8 s - H7 G, H9 B) are conspicuous objects, visible to the naked 

Show marked protand ™(fij «,“5? ° fte " 

usually borne on secondary laJeraU of HmiteH T "P™ ^ 
from the upper nodes of the nriman 1 , m ted growth, originating 

,h ThT7 .t° d riSC fr ° m thC baSa ' the l'a«“r 8h * 

branch of“de^s^t T'vo'c ^ ° f ,he °' d “' ^ndary 
primary lateral (fig. C F an) 3 ventral Position on the 

question produces a basal node (fig ko mT? ru . ,e , the lateral in 

. .. i„ z* a,ra.it a; 

f|i| 

A 't», antheridium ^n™ ZZl/on" E 
D, Lamprothammum papulosum fWallr \ n ^ almost mature fruit 

«, ascending cort.cal S,£?“* f ""'' "<*« 

of antheridium (" bracteoles "); bn, basal , aodl’nn b : anchlfts of basal node 
d, descending cortical thread;/ f stipular o. ? Jte / a : . c > cortex : co, corona; 
m. manubrium; „, node; o. £' 0 lateral 
pe, external cell of node of cortex; i wjn of° f node of cortex 
G after Pnntz; the rest after SachkT’ an,hen d.um. (D after Braun* 
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the latter thus usually represents a metamorphosed secondary lateral. 
In some species of Nitella, however, the antheridia may replace a 
primary lateral. The basal node of the antheridium, in forms pos¬ 
sessing cortication, gives rise in the usual way to a cortical thread on 
its lower side, but in all monoecious species a cell on the adaxial side 
produces the oogonium which thus represents a branch of a higher 
order (figs. 149 C, 150 N, o). The sex organs are therefore generally 
so placed that the oogonium is directed upwards and the antheridium 
downwards (fig. 149 F); even in dioecious species the same orientation 
is recognisable. In Lamprothamnium , however, the oogonium arises 
from the abaxial side of the basal node of the antheridium (fig. 149 D) 
so that the position of the two organs is reversed. From the flanks 
of the basal node of the antheridium elongate one-celled branchlets 
(“ bracteoles ”) arise, one on either side (fig. 149 F, b, b'), which 
together with a few similar branches (/) formed from the node of the 
primary lateral constitute a loose envelope about the oogonium. In 
the female plant of dioecious species the place of the antheridium is 

taken by an ordinary lateral (“bract”) from whose basal node the 
• • 


oogonium arises. 

The apical cell of the lateral destined to form an antheridium 1 
(65.76) cuts off one or two discoid cells (fig. 150 A, B, s) at its base and 
then assumes a spherical shape. Thereupon, it undergoes division 
into octants by two longitudinal walls, followed by a transverse one 
(fig. 150 A, B). In each octant there then arise two successive peri- 
clinal walls so that eight diagonal series of three cells each are pro¬ 
duced (fig. 150 B, C), of which only the innermost one undergoes 
any further division. Very considerable enlargement, however, takes 
place in the course of further development, so that the inner segments 
gradually become separated from one another. 1 he eight peripheral 
cells (fig. 150 C, N, w) develop into curved plates (shields) with the 
convex surface outwarc s and with a characteristic infolding of t eir 
membranes (fig. 149 F, w ) making the wall of the antheridium appear 
many-celled in longitudinal sections (fig. 150 N, w)\ as the rnae 
organ matures, the shields acquire red-coloured contents. A he 
antheridial wall is completed at the base by one of the discoid cells 
first cut off which usually protrudes markedly into the ca\ity o e 
antheridium (fig. 150 N, s’). The middle segment of each primary 
diagonal series undergoes considerable radial elongation, forming t 
rod-shaped manubrium (figs. 149 F; 150 D, m) which arises from the 
centre of the shield and bears at its inner end one or more round 
cells, the capitula , derived from the innermost of the primary 

segments (fig. 150 D, N, c). . . .. • side 

The cells of the capitulum (fig. 150 D) give rise on their inner side 

1 Diverse deviations from the normal structure of the antheridia are 
described by Karling(38). 
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to about six secondary capitula ( sc ), from each of which there develop 
long threads (/), usually twice forked at their base (fig. 150 D); as the 
antheridium enlarges, these threads gradually fill the cavity with a 
dense tangle. Each of these spermatogenous threads ultimately consists 



development of the antheridium of Nilella 
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of one or two hundred discoid spermatozoid mother-cells In the 

simut ent ,° f thC thrCadS cel,-div * s ‘ on takes place more or its 
sets 3nd spermatogenesis 

in the neLhh^'V h I f°u’ F ^' A prominent blepharoplast appears 

n 2 f° d ° f the L nuc,eus (%• *50 K, 6) and, as the two 

n g flagella arise from it, they extend into the furrow surrounding 

the protoplast and gradually encircle the latter several times (cf. £ 

/i° f* 'ilty AIeanw fi»le the protoplast develops two outgrowths 

5 , ’,° ne at the a P lcal and the other at the opposite end 

eJrf V ’ "’ hl ^ h . ,en g then to form the protoplasmic body at the two 
extremities of the future spermatozoid. At the same time the nucleus, 

which now appears altogether homogeneous, elongates to form a 
spiral band-shaped structure (fig. 150 I, K, n), the small amount of 
remaining cytoplasm of the mother-cell giving rise to a delicate layer 
situated mainly on the inner side of the nuclear loops (fig. 750 M). 

I he male cells are liberated by the falling apart of the shields of the 
anthendial wall and the subsequent gelatinisation of the walls of the 
mother-cells The liberated sperm (fig. 150 L) appears prominently 
elongated, the accompanying cytoplasm being clearly marked at the 
anterior and posterior extremities, while the two long flagella arise 

a little way behind the front end, although Muhldorf(si) states that 
they arise apically. 

The development of the spermatozoids of Characeae has been 
investigated by many botanists, 1 and the only essential point of dis¬ 
agreement lies in the origin of the blepharoplast which is bound up 
with the usual difference of opinion as to its nature. According to some 
it is a centrosome, according to others a structure sui generis. Belajeff 
((4); cf. also (460)) found that the anterior part of the body bearing the 
flagella had an origin distinct from the posterior part, the former arising 
at the boundary between cytoplasm and nucleus as a small cytoplasmic 
protuberance which elongated subsequent to the development of the 
flagella, so that the latter at first terminal, later assumed the lateral 
position. He distinguished a delicate deeply staining thread extending 
between the nucleus and this protuberance. According to Mottier(so), 
however, the whole cytoplasmic body arises as a delicate thread-like 
differentiation of the plasma-membrane, extending partly round the 
cell and embracing the nucleus in its arc; it is elongate from the first. 
The general features of the development of the spermatozoids of 
Characeae do not differ in any appreciable respects from that of arche- 
goniate plants. 

Hofmeister(32) already suggested that the antheridia of Characeae 

1 See ( 4 ), (43), (46a), (50), (83). 
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should be regarded as compound structures, actually comprising a 
large number of male organs (cf. also (66)). This view has recently 
been elaborated by Goebel (17), who regards the eight primary octants 
as representing secondary laterals of the antheridial axis which divide 
into three cells differentiating into shield, manubrium, and capitulum. 
The manubna occupy the position of internodal cells, whilst the 
overlying cells remain congenitally fused. The capitulum corresponds 
to the basal node of the secondary lateral and bears the spermatogenous 
threads, much as the basal nodes in the vegetative parts may bear 
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the one-celled stalk ($) which is outwardly often scarcely recognisable, 
while the middle cell constitutes a node ( n ) which divides into a 
central and five peripheral cells. The latter grow out into the five 
threads that invest the oogonium already in early stages (fig. 151 B, /), 
and that soon cut off one ( Chara , fig. 149 F, co; Lamprothamnium) 
or two ( Nitella , fig. 151 C, D, co\ Tolypella) small coronal cells at 
their apices. In the course of the further development the enveloping 
threads, without undergoing septation, elongate very considerably, 
thicken their walls, and gradually assume the spiral course (always 
clockwise) that characterises the mature condition (fig. 149 E, F). The 
coronal cells, however, remain small and erect. 

The single ovum within the oogonium accumulates vast quantities 
of starch as well as oil (49), but the apex remains clear and is occupied 
by finely granular cytoplasm constituting the receptive spot; the 
nucleus is basal in position. At an early stage one or more cells are 
cut off at the base of the young oogonium, a single one in Chara , three 
successive ones in Nitella (fig. 151 B-D, pc). In the latter the first 
two cells are cut off by walls that run more or less longitudinally 
(fig. 151 F, G, I, 2), while the third division-wall is definitely 
transverse. Goebel (2s) concluded from this sequence of division in 
Nitella that the three septa are to be homologised with those that arise 
in the young antheridia and lead to the formation of octants, so that 
in the case of the oogonium only a single octant would be fertile. 
Goetz(28), on the other hand, regarded these cells as perhaps repre¬ 
senting the remnants of a former multicellular wall around the ovum. 
In connection with Goebel’s hypothesis mention may be made of 
those cases in which spermatogenous threads have been found within 


malformed oogonia. 1 

Beneath the corona, whose cells fit closely together, the enveloping 
threads become dilated, so that the space between the corona and the 
apex of the oogonium, which is occupied by a mucilaginous liqui , 
becomes markedly narrowed down in its middle, assuming t e s ape 
of an hour-glass. Shortly before fertilisation (2) the portions of the 
threads surrounding the upper part of this space lengthen to or ™ ® 
kind of neck and then separate slightly from one another so tha 
narrow slits arise through which the spermatozoids P en ^ trat ^; 
other cases the enveloping threads break down just below the corona. 
At the time of fertilisation the apex of the oogonial wall gelatinise q 
T he spermatozoid nucleus has to traverse the whole of the o% 
fuse with the nucleus of the latter. 

Parthenogenesis is known in Chara ernntoin.r,.s<>, a spec.es which 
in southern latitudes in part pro.i-es nornra, „a,e of 

with twelve chromosomes, the ova of such P 

. There is an.extensive literature dealing with malformations of this 
other kinds (cf. (19), (26), (46). (69), < 8l »- 
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further development only if they are fertilised. In the same localities, 
however, Ernst UO found a slightly different form bearing oogonia only 
and possessed of twenty-four chromosomes; in more northern latitudes 
this form alone occurs. The ova of this diploid type always develop 
parthenogenetically. Ernst is of the opinion that it represents a hybrid 
between Chara crimta and a second unknown parent, the characters 
of the female parent preponderating. This point of view has been 
criticised by Winkler ((84) p. 3). Artificial parthenogenesis has been 
induced in a number of dioecious species of Charai* D. 


t.MBRYOLOGY(3.52.54. 60 . 61 ) 

After fertilisation the zygote nucleus wanders to the apex of the ovum 
while the latter secretes a cellulose membrane which later takes on a 
yellow or brown coloration. External to this lies the oogonial wall 
' n n iJ ey °" d * hat the enveloping threads whose inner membranes 
[ g ° tblckemn g and gradually assume a dark colour; they are 

Taint b i. CO ? e Sube / ,sed(57) a " d may also be silicified. The re- 

2 T S O 001 th , ,Cken - The hard envel °P e that ^ thus created 
often shows diverse sculpturings. There is usually (except in Nitella) 

an external covermg of lime, which is deposited in the^ell-cav ties 

of the envelopmg threads and is developed to a very varying extent 

A« .he r c 0 o P ^e “ ‘ he ,h T dS ,ake a °-d S: 
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which is richlyZ'Ld J,T f‘ n 'u 8 thrCe are f ° und in > he '“wer part 

nuclei subsequently disintegrate 1^' ' S ' J) ' ThcSe ,hrec 

openapically(fig X C2Aland fh he enveloping membranes break 

"*lly (%. 151 I) X Tkg )J lerC y pontb f u PP ercel1 divides longitudi- 

from thf diiLiTgLTut m Ug n er ' CellS J fig A */>. r) resulting 
rhizoid and a lengthen*ng erec” thread d,rect ' ons form the first 
green and undergoes a number rif f d ’ the P rot °nema, which becomes 
Soon further even*cenfrTtf rK tfansve 1 rse divisions (fig. , 52 B./>). 
protonema which has been carrllT ? e f°? d cel1 from the base of this 
pa ^ co l° ur ed basal cell (fig j ^ b ° | by? tbe e l° n gation of the rather 

the upper and 9 lower segments*(f« trans X erse, y into three - 

( > rn) developing into nodes which 
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become gradually separated by the very considerable elongation of 
the intervening internodal segment ( i ) (cf. also fig. 152 D). In both 
nodes longitudinal divisions lead to the formation of a transverse 
plate of cells, those in the upper (sn) taking place according to the 
usual method of nodal segmentation, while in the lower node (rn) 
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the divisions are somewhat more irregular. The peripheral cells of 
the latter grow out into rhizoids(fig. 152 C,r"; F,r), which supplement 
the primary rhizoid. The peripheral cells of the upper node give rise to 
a whorl of short, little developed laterals (fig. 152 D, F, sn), with the 
exception of the oldest peripheral segment from which is developed 
the future plant (fig. 152 D, F, v). As the axis of the latter (fig. 
152 C, j) elongates, it assumes an erect position and the apical part 
of the original protonemal thread (/>) is turned to one side. Where 
the primary rhizoid (r) emerges from the oospore (o), a sometimes 
several-layered basal node is formed from which additional rhizoids 
(r') are produced. It may he well to emphasise two facts with respect 
to the embryology of the Characcae, viz. that the protonema is formed 
only from a small part of the oospore and that the mature plant arises 
as a lateral branch from the protonema (cf. especially fig. 152 F). 


Vegetative Reproduction 


Vegetative propagation may occur at all stages in the life of the 
Characeous plant. Secondary protonemata, that may even develop 
more rapidly than the primary one, often originate from the rhizoidal 
node of the protonema, as well as from the basal node of the primary 
rhizoid (fig. 152 C, ap). Similarly, secondary protonemata have been 
found to develop from certain cells (dormant apices) of the surviving 
nodes of older plants after hibernation <60.6«) or from those of frag¬ 
ments including nodes placed under suitable cultural conditions 
(61.63). The further development of such protonemata always follows 
the lines described above. 1 


Oltmanns «s6) p. 445) regards certain peculiarly developed branches 
fr ° m ! n ° deS ° f h,bernatin S C/mra-plants in the spring as 

from th k" 3 " alo « ous These long branches develop not only 

om the basal nodes of the laterals in the usual way, but may originate 

{ Z? th T 6 ° f ^ n ° da Ce,1S> and thcy arc distinguished by the fact 
PrtL ^mT?) r mte K rnodeS are (“nacktfussige Zweige” of 

- " i f I-’ ° f u 3Ve 3n ,m P erfect| y developed cortication (fig. 

to the'intern H meS K C threads ° fsuch ,atcrals not apposed 

• u bUl St3nd ° ff l,ke ordinary branches, such cases 

branch" 8 I m ° r P holo 8 ics d nature particularly clear. Naked 

saTe node In ^ d and ft —dary protonemata may occur at the 

alS ° ^^eral^^^ppears 

» in wh ' ch 




Fig. 153. A, C, Chora baltica Bruzclius; A section of one 0 th * ^rhara 
growths shown in C. B. H, Nitellopsis oblusa J- dIv.,’ n^kcd 

aspera (Deth.) Willd underground bulbils Cranii 

branches. F, Lagynophora liburmca btache. y, A g \ fFocene). 

the rest after Giescnhagen.) 
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Many Characeae produce special organs of vegetative propagation 
(22.41.47.5*). Tuber-like growths are commonly formed on the rhizoids 
or around the nodes of the buried parts of the main axes. Those of the 
rhizoids in some cases appear as great enlargements of some of the 
four cells (cf. fig. 148 I, J) from which branch-rhizoids normally 
originate (fig. 153 D); these cells become filled with starch and cut 
off a basal node, as well as a number of cells at their apex. In other 
cases, however, the four cells divide irregularly to form a multi¬ 
cellular mass, and such irregular tuberous growths are also often 
produced by proliferation of the peripheral cells of the nodes of the 
buried axes (fig. 153 A, C). The so-called starch-stars (fig. 153 B, H), 
met with in various members of the family, are likewise nothing else 
than subterranean nodes in which the laterals have developed to a 
certain extent and all the cells are copiously filled with starch. 


The Position of the Charales among the Algae 


The envelope of lime deposited around the oospore is formed only 
within the spiral threads, not in the stalk-cell, nor in the corona. If 
the organic parts decay, there thus remains a hollow calcareous body 
with a basal aperture, often showing clearly the spiral arrangement 
of the envelope. It is in the condition of such fossilised fruits (fig. 
*53 !) that most Characeous remains are found ((30), (59) p. 88 ). Since 
the corona is lacking an assignation to the Nitelleae or Chareae is 
impossible. In the vast majority of cases such fossil fruits have five 
enveloping threads as in the recent forms, but in the Carboniferous 
Palaeochara(s) there are six. All the others are referred by Pia( S9 ) to 
Lamarck's genus Gyrogonites( fig. 153 I), found from the Lias onwards. 

Another form, Lagynophora, only known from the Palaeozoic, has 
lageniform fruits which are axillary to the short laterals (fig. 153 F); 
they appear to have belonged to a form with cortication. A considerable 
number of other fruit-bodies, that have been assigned to the Characeae, 
diverge rather more markedly from the normal, and the evidence for 
their inclusion in this family is at present quite inadequate. Various 
vegetative remains have been regarded as belonging to members of 
this family, for instance Kidston’s and Lang's Palaeonitella(v» (fig. 
153 <-*). but whilst there is some measure of probability a certain 
assignation is impossible in the absence of cell-contents. Pia( 5 9«.) 

f n^T.. “ < cf - P- 4 °I) as hinting at a possible common 

origin for Dasycladaceae and Charales. 


f0 TV eV ‘ d l enc ^ does not heI P elucidating the origin and 
affinities of the Charales. Their position can therefore only be deter- 

ZZt tG th u C feCent f ° rms - As alread X mentioned at the 

tZ ru th ° ntlcs h »ve regarded them as representing a special 
class, the Charophyta, and it is undoubtedly possible to bring forward 
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good reasons for this attitude. At the same time the differences 
between the Charales and the main body of the Chlorophyceae are 
scarcely quite of the nature of those that serve to separate other 
classes of the Algae. True, there is a marked advance in vegetative 
organisation and a great elaboration of the sexual reproductive organs, 
but the former feature does not afford any sharper contrast than can 
be found, for instance, among Ectocarpales between the simple and 
more specialised forms. Indications for practically all the tendencies 
that characterise the Charales are to be found in other orders of 
Chlorophyceae and, were the fossil record relating to the latter more 
perfect, it is to be suspected that all transitions to the complexities 
of the Characeae would be found. If Goebel’s interpretation of the 
antheridium (cf. p. 459) be accepted, one of the most outstanding 
characteristics acquires a rather simpler explanation. The Characeae 
have been regarded as a remnant of the many probable evolutionary 
lines that attempted to colonise the land (12), but it is clear that they 
diverge very widely from the normal character of the higher plant. 

The occurrence of green chloroplasts and starch, the haploid 
character, and the relatively simple vegetative organisation of the 
Nitelleae, all speak for the Charales as representing merely a very 
highly specialised side-line of the Chlorophyceae. 

The members of the single family, Characeae, are usually grouped 
as follows: 

(a) Nitelleae: Nitella, Tolypella. 

(b) Chareae: Chara, Lamprothamnium, Lychnothamnus, Nitellopsis. 
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Class II. XANTHOPHYCEAE 
(HETEROKONTAE ) 1 

This class was first clearly distinguished by Luther (53) in 1899, who 
gave it the name Heterokontae. The close relationship between 
certain of the Algae included in it had been recognised much earlier 
by Borzi (do) p. 199), but it was the discover)' of definite flagellate 
representatives (Heterochloridales) that paved the way to a proper 
comprehension of its distinctive features. As a matter of fact there 
are few other classes in which a motile ancestry is as clearly patent 
as in this case, and it has contributed more than any other to the firm 
establishment of the doctrine of flagellate evolution of the Algae. 
When first segregated from the Chlorophyceae this class of the 
Yellow-Green Algae included only relatively few forms, but during 
the present century many additional members have been discovered, 
and it has become increasingly apparent that there exists a far-going 
parallelism between the two classes, to which Pascher(6o) first drew 
attention. Nevertheless the total number of genera and species is 
small, the Xanthophyceae apparently not exhibiting anything ap¬ 
proaching the multiplicity of form to be seen among the Chloro¬ 
phyceae. 

The general characteristics of the class have been summarised on 
p. 5 and need not be repeated here. The classification, in view of the 
above-mentioned parallelism, follows essentially the same lines as in 
the Chlorophyceae, the following orders being distinguished: 

(I) Heterochloridales, including the motile forms and their 
immediate derivatives. 

(II) Heterococcales, including the coccoid forms. 

(III) Heterotrichales, including the filamentous forms. 

(IV) Heterosiphonales, including the siphoneous forms. 


Order I. HETEROCHLORIDALES 

( a ) The Motile Unicellular Forms (Heterochlorineae) 

The motile members of this class are naked unicells and but relatively 
few are known; motile colonial types have not so far been found. The 
first form that was described, Chloramoebai 6), introduces us at once 
to the principal characteristics of the class. The original species has 

1 The name Xanthophyceae, proposed by Allorge(i), although open to 
certain objections (cf. (32)), has the great advantage of affording a designation 
uniform with that of other classes of the Algae and has therefore 
adopted hert in preference to the usual name Heterokontae. 
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so far only been observed in cultures containing brackish water, but 
a second (C. marina Schiller(88) p. 76) has been found in coastal 
waters in the Adriatic, while Dofleino-j) has described a freshwater 
form showing holozoic nutrition. The living individuals have a very 
variable outline owing to the soft nature of the periplast (fig. 154 A). 
The front end is broad and more or less truncated and bears two very 
unequal flagella which are inserted in close proximity. One flagellum 
is about twice the length of the cell, whilst the other is a very short 
curved structure. This inequality of the flagella is characteristic of 
nearly all Xanthophyceae. The longer flagellum, after special staining, 
shows numerous fine lashes ((99), and fig. 154 H, K). According to 
Doflein(*4) the flagella in Chloramoeba are attached to a common 
rhizoplast connected with the nucleus. Beneath their point of origin 
lies a contractile vacuole (fig. 154 A, v). 

The cells contain a single nucleus and 2-6 discoid chloroplasts 
which, as in all Xanthophyceae, show a yellow-green colour owing 
to the presence of an excess of xanthophyll. 1 This characteristic of 
the plastids is invariably associated with an absence of starch, drops 
of oil occurring as the usual reserve-food. These facts are no doubt 
indicative of a metabolism essentially different from that of the 
Chlorophyceae. The cells of Chloramoeba also contain glycogen 
((80 p. 380). Schiller(88) and Dofleinu.») record pyrenoid-like bodies 2 
in the chloroplasts. For the rest the protoplast has a remarkably clear 
appearance, being practically devoid of granular inclusions, a feature 
which is met with rather commonly in the class ((69) p. 227). If 
supplied with organic nutriment, Chloramoeba can thrive for pro¬ 
longed periods in darkness and at such times loses its plastids and 
becomes colourless 3 (cf. Euglena , p. 735). 

• i^i^ m k er interesting form is Heterochloris ((66) p. 23), probably an 
inhabitant of brackish water. In its flagellate stage (fig. 154 B) it 
appears pear-shaped and shows a faint emargination of the periplast 
on one side so that the cells are slightly dorsiventral. The individuals 
are, however, strongly metabolic (fig. 154 C) and may at times assume 
a completely rhizopodial form, with or without loss of the two flagella 
(tig. 154 p). There are only two relatively small chloroplasts which 
He at the sides of the cell in the plane of the flagella. Apart from oil, 


hvdroc h h?nr^ h °'J n by C , b UC coloration obtained on heating with strong 
class P„ /o’ 3 usefu ' means for recognising doubtful members of the 
amounts nfv" It P u n 5 -- descnbes a method by means of which the relative 
can be “ d 

4 «' and°„thers. "* 

symbiotic'creen ein.*? CMoramoeba ma >' be a colourless form with 

plast is much likt * cf > a,so (66) J p ‘ 22) ' s,nce the organisation of the proto¬ 
plast is much hke that of a member of Rhizomastigaceae. 
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Fig. IM- Heterochlorineae (except H and K). A, F C ^ loram ^ a J Ut ^°' 
morpha Bohlin (after Bohlin); F, cyst. B-D, Heterochlorts mutabtlis Pascher 
(after Pascher); B, flagellate, C, amoeboid and D, rhizopodial stages- • 
Chlorochromonas minuta Lewis (after Lewis), on the left a cont ^ c ^\ 
the right a drawn out individual. G, I, J, N, O, Chloromeson agile Pascher 
(after Pascher); G‘, normal and N, amoeboid individuals; I, h ’ 

two stages in cyst-formation. L, Phacomonas pelagtca J^hmann (alter 
Lohmann), individual viewed from narrow side. M, Nephrochlo 
Geitler (after Geitler), on the left front-view, on the right 
c, chloroplast; m, membrane of cyst; n, nucleus; o, oi1 -drops, * 
vacuole. H, Botrydiopsis arrhiza Borzi and K, Monoctlta sp. (bo 
Vlk), structure of flagella. 
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the cells contain bright refractive bodies which are believed to consist 
of leucosin (p. 508). A contractile vacuole has not been observed. 

Pascher’s Chloromeson ((67) p. 405) has slightly flattened, very 
amoeboid cells with two very' unequal flagella, the long one being as 
much as seven times the length of the body (fig. 154 G, N). The 
single chloroplast has the form of a curved band occupying the central 
part of the protoplast, a position met with also in other forms (cf. 
Chlorogloea, p. 474). Phacomonas pelagicai si), a marine planktont, 
has lenticular individuals with the rather coarse flagella arising from 
a slight beak (fig. 154 L) and two lateral chloroplasts. Pascher(so) 
has recorded the same form in freshwater plankton. Its assignation 
to the Xanthophyceae is scarcely fully established (cf. p. 655). 

Other genera show more markedly the dorsiventrality indicated in 
Helerochloris. Ankylonoton ((72) p. 306) and Chlorochromonas (so), 
especially the latter, recall the Chrysophyccan genus Ochromonas 
(P- S I S)* The single large chloroplast of the former has a pyrenoid-like 
body apposed to it. In Chlorochromonas , recorded from Lake Mendota 
in America, the cells have a very delicate periplast showing an oblique 
emargination at the anterior end, while the posterior extremity is often 
drawn out into a long filiform pseudopodium by means of which 
attachment to a substratum can be effected (fig. 154 E). The chloroplasts 
are small, and a second species described by GavaudanU7) exhibits 
abundant holozoic nutrition. Nephrochlorisiw), another dorsiventral 
form so far only observed in the mucilage of a planktonic Anabaena, 
has cells with a single thick flagellum inserted a little way beneath the 
front end (fig. 154 M). The apparently single chloroplast is a broad 
curved plate occupying the periphery of the protoplast. 

The motile unicell is thus not very widely represented among 
Xanthophyceae, and the relevant forms are seemingly restricted in 
their occurrence; at present no modifications, other than the colour¬ 
less and rhizopodial forms already mentioned, are known. The 
ordinary method of multiplication appears to be by longitudinal 
division during the motile phase (fig. 154 I); in Helerochloris palmel- 
oid stages have also been observed. The resting stages are constituted 
by cysts which are reported for several genera. In Chloramoeba they 
are ellipsoidal bodies provided with a thick membrane and filled with 
arge oil-globules (fig. 154 F). Those of lleterochloris have a silicified 
wall composed, according to Pascher, of two slightly unequal halves, 
n Chloromeson they are formed endogenously (fig. 154 J) and their 
verrucose silicified membrane consists of two very unequal pieces 

, .*54 this and other respects this form again approximates 

closely to some species of Ochromonas. 
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(b) The Palmelloid Forms (Heterocapsineae) 

Palmelloid forms are rather more numerous, though the assignation 
of some of the genera included here is not altogether beyond doubt. 
A close parallel to Tetraspora is constituted by the rare Chlorosaccus 
(S3) which occurs attached to freshwater aquatics as pale yellow-green 
diffluent membranous masses produced into conical protuberances 
(fig- *55 A). The numerous pyriform cells, with two or more yellow- 
green parietal chloroplasts (fig. 155 B), are arranged peripherally with 
the pointed ends outwards within structureless mucilage. The cells 
multiply by longitudinal division, usually in two planes at right 
angles to one another, so that many of them are found in groups of 
fours. Reproduction is effected by typical Xanthophycean swarmers 
(fig- T 55 C) formed directly from the cells of the colony, whilst resting 
stages are constituted by thick-walled cysts originating from enlarged 
cells. Gloeochloris ((72) p. 319) is apparently similar, but its colonies 
are free-floating with numerous ellipsoidal cells in a peripheral 
position. 

Gardner’s Leuvenia natans (26), at present only known from a 
Californian lake, occurs in the shape of irregular, frayed or reticulate, 
free-floating mucilage-masses 1 harbouring countless rounded cells 
(fig- r 55 D)- "The pear-shaped zoospores (fig. 155 E) have two dark 
green chloroplasts and two unequal flagella, the longer of which is 
directed forwards, while the shorter trails behind; towards the end 
of the motile period the swarmers become amoeboid. On coming to 
rest (fig. 155 I) these swarmers float to the surface of the water, secrete 
a membrane and undergo considerable enlargement accompanied by 
division of chloroplasts and nuclei to form a large spherical cell 
(fig. 155 F, J). The latter may float freely for a time and then either 
forms further swarmers or by division and the secretion of mucilage 
presumably gives rise to the palmelloid stages. 1 It appears that the 
swarmers can also develop into large cysts with a bivalved membrane 
from which the contents subsequently escape (fig. 155 G). Many 
features of the life-cycle are still unclear. Both in Chlorosaccus and 
Leuvenia the cells in the palmelloid phase are provided with a mem¬ 
brane. 

Chlorogloea ((67) p. 407) possesses naked rounded cells embedded in 
structureless mucilage and containing two (or just after division one) 
rather small band-shaped chloroplasts which, as in Chloromeson, are 
located near the centre of the protoplast (fig. 1 55 H). The swarmers t at 
effect reproduction are inadequately known. Pelagocystis oceanica 
Lohmann ((52) p. 49) (including Clementsia Murray(56)), found in the 
plankton of the Atlantic, probably belongs to this series, althoug 1 s 

1 According to Smith ((9«<») p. 15°) this alga normally occurs as isolated 
coccoid cells and he therefore includes it in the Heterococcales. 
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motile stages have not yet been observed. The spherical or ellipsoidal 
cells with a bell-shaped chloroplast are embedded in pairs in varying 
numbers in mucilage-masses (fig. 156 A) which show more or less 
clearly the layers belonging to successive generations (cf. Gloeocystis). 

A more highly developed type is seen in Pascher’s Helminthogloea 
((72) p. 323), only once found in salt-marshes, where the cells are con¬ 
tained in richly branched, rather firm mucilage-strands forming minute 
upright tufts (about 1 mm. high). Cell-division is more copious near 
the tips of the branches (cf. Hydrurus among Chrysophyceae, p. 546). 


Most recent authorities also refer to this series, the common fresh¬ 
water planktonic alga Botryococcusi 12.16.29) 1 which not infrequently 
forms water-flowers. The colonies (fig. 156 C) are of very varied shape, 
being composed of a number of more or less spherical aggregates 
with radially arranged cells (fig. 156 B, I) embedded within a tough, 
sometimes orange-coloured mucous envelope which is folded or 
wrinkled and frequently drawn out into irregular lobes or spine-like 
processes. Often smaller colonies are united by more or less rigid 
prolongations of the mucus into larger ones (fig. 156 D). At times 
the cells can be squeezed out of their envelopes which are so firm 
that they retain their shape (fig. 156 C). 

The tough mucus obscures the cell-structure which is often almost 
indecipherable. Each cell appears to be lodged within a funnel- 
shaped mucilage-cup (fig. 156 G, H) which is composed of successive 
thimble-shaped layers fitting into one another and whose base is 
prolonged into a thick stalk which extends to the centre of the aggre¬ 
gate (fig. 156 G, I). This structure is, however, only readily recog¬ 
nisable in young stages, since later on the mucilage swells and the 
details are no longer evident. The origin of the envelope is not clearly 
established. It appears that in some cases the cells lie at the periphery 
of the mucilage, whilst in others the latter forms a definite superficial 
layer; in B. protuberans West (103) the cells project prominently. Some 
of the specially opaque stages were described by the Wests in 1897(102) 
under the appropriate name of Ineffigiata, whose identity with the 
common Botryococcus Braunii was only later established. 

The usually ellipsoid or obovate cells (fig. 156 E, F) possess a thin 
membrane which, according to Geitlerto), on treatment with dilute 
sulphuric acid swells and separates into two unequal pieces. The cells 
contain a single parietal chloroplast, including a naked pyrenoid-hke 
body of doubtful nature and occasionally small granules which ha ve 
been stated to consist of starch ((16) p. 338). The cells at times harbour 
abundant oil which in the late summer becomes brick-red* owing to 
the presence of a dissolved pigment (haematochrome?); the oil may 
escape from the cells and often occurs abundantly in the mucilage 


1 Including Botryosphaera Chodat(i 8 «i). • „, ltr iment 

* According to Gams (25) this is characteristic of waters nch in nutriment 
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or it adheres to the aggregates and to the processes of the enveloping 
mucilage. Of great interest is Carlson’s record 02) of the presence of 
short arched pseudocilia arising in a tuft from the outer end of the 
cell, an observation that requires confirmation. 

The cells appear to multiply by longitudinal division only (cf. 
fig- I 5& G), whereby the aggregates increase in size, later to divide 
into two or more, though for a time usually remaining connected by 
more or less elongate processes of the envelope. This is the only 
method of propagation certainly known. The records of swarmers 
remain doubtful (cf. however (81) p. 387). On the other hand division 
of the cell-contents into 2-4 aplanospores seems to occur. Although 
there is much that supports a reference to the Xanthophyceae, the 
position of Botryococcus cannot be said to be certainly established; 
in particular the reported presence of starch calls for further enquiry. 

The deposits formed by this alga are distinguished by their very 
slow rate of decay and are sometimes responsible for very considerable 
sapropelic accumulations. Various authorities (4.94. *07) are of the 
opinion that the Palaeozoic remains (Pt'la, Reinschia) found in boghead 
coals are ancient allies of Botryococcus and that such coals were largely 
formed by them. This has, however, not met with general agreement 
(cf. ( 4 «), ( 78 ), (106)). 


(<•) The Dendroid Forms (Heterodendrineae) 

The sole representative of the dendroid type is furnished by Mischo- 
coccus ((8), (10) p. 121, (57), (06) p. 33, (96), (97)), a freshwater epiphyte 
apparently restricted to calcareous waters. M. confervicola Naeg. 
frequently shows more or less regular subdichotomous branching of 
the mucilage-stalks bearing the rounded cells (fig. 157 C), though 
numerous irregularities occur. Reproduction is usually effected by 
swarmers which appear to have but a single anterior flagellum (fig- 
157 F), although for another species Vischer(98) records two unequal 
flagella. On coming to rest the zoospores give rise to a spherical cell 
attached by a small mucilage-cushion (fig. 157 A, a). Sooner or later 
the upper part of the membrane of this cell either gelatinises or 
becomes detached as a lid, whereupon the protoplast shifts to the 
aperture and becomes enveloped by a new membrane (cf. fig. 157 ^)- 
Subsequently this cell secretes at its base a cylinder of mucilage (m) 
which gradually carries it aloft, the original membrane appearing as 
a small nodose swelling at :he base. The protoplast may then di\i e 
transversely and the two daughter-protoplasts be carried up y a 
fresh stalk in the same way. Sooner or later division takes place a ong 
another plane (longitudinal?), the two resulting protoplasts, alter 
rupture of the parent-membrane, being carried up on a common 
mucilage-stalk; when the daughter-cells in their turn divide eac 
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group forms a separate stalk, so that a first dichotomy is initiated. If 

this series of events be continued, the regular forked colonies are 
formed. 

It seems, however, that in many cases division is transverse, only 
one of the two daughter-protoplasts shifting to the aperture, this cell 
then gradually becoming separated from its sister by the secretion of 
an intervening mucilage-stalk (cf. fig. 157 B). In this way short 
chains of cells may be formed, as frequently occurs in the later growth 
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of the colony (fig. 157 C). Moreover, division into four is not in¬ 
frequent, in which case four stalks may be seen originating from the 
same point (fig. 157 E). The mucilage-stalks are as wide as, or even 
wider than, the cells producing them (fig. 157 D, E), although in pre¬ 
served material which has often been figured (as in fig. 157 A-C) the 
stalks shrink so that they appear much narrower. 

The cells have a delicate membrane and contain two (rarely four) 
parietal chloroplasts. The swarmers have prominent eye-spots and 
appear usually to be formed singly or in twos within the cells, although 
Vischer records the formation of as many as 16 per cell; aplanospores 
are frequent and are sometimes produced to the number of four or 
eight. Multiplication may apparently also be effected by the detach¬ 
ment of cells from older colonies. Sexual reproduction has been re¬ 
corded ((10) p. 135), but remains doubtful; the zygote is stated to give 
rise to an epiphytic cushion-like palmelloid stage. 

The type of colony is clearly comparable to that of the Chloroden- 
drineae among Volvocales. There appears, however, to be a greater 
variability and Pascher ((66) p. 35), Virieux(<}6), and Vischer (97.98) record 
diverse abnormal states. According to the last the typical dendroid 
colonies are formed only when nutriment is scanty and especially when 
nitrogen is deficient. In nutritive solutions masses of coccoid cells are 
alone produced. Addition of glucose and strong light favour the 
development of the mucilage-stalks. 


(d) The Rhizopodial Forms (Heterorhizidineae) 


The little known genus StipitococcusWg.iot) represents a fourth line 
of development among the Heterochloridales, for which there is at 
present no parallel among Chlorophyceae, although equivalent forms 
occur in the Chrysophyceae (p. 532). The small protoplasts are 
enclosed in a variously shaped envelope which is often attached by 
an extremely fine stalk (figs. 156 J, 157 G) to filamentous Algae; in 
S. urceolatus Poulton ((80) p. 6) states that there is a delicate cell-wall 
which appears doubtful. The protoplast contains a single chloroplast 
and is produced apically into one or more, sometimes long rhizo¬ 
podial threads (fig. 157 G, I, r). Multiplication is effected by swarmers 
(fig. 157 H), but the statement that the flagellum constitutes the 

stalk(89) is open to doubt. 


Stipitococcus urceolatus (fig. 157 J). the first species of the genus to 
be described («oi), has been suspected of being a member of the ^nryso- 
phyceae. Judging by Poulton’s account (80) it possesses an exceedingly 
reduced chromatophore, but the reaction with hydrochloric acid an 
the swarmers make it probable that this form should e re erre 
Xanthophyceac, to which Pascher's 5 . vos «7*> p. 3 1 8) (%• * J J 
undoubtedly belongs. Pascher^) has described a aomewhat *,- ves 
type under the name of Rhizolekane. This rhizopo 
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within a sessile, cup-shaped envelope (fig. 156 K) and constitutes a 
close parallel to Rhisaster among Chrysophyceae (p. 536). It exhibits 
holozoic nutrition, although it possesses a well-defined chloroplast. 


Order II. HETEROCOCCALES 

These are the coccoid forms among the Xanthophyceae and are 
parallel to the Chlorococcales among Chlorophyceae. In part they 
are so similar to members ol the Chlorococcales that, prior to the clear 
recognition of the differences between the two classes, many were 
referred to genera of that order. The Heterococcales, however 
possess the characteristic chloroplasts, oil as the product of assimila¬ 
tion, and in many cases reproduce by typical swarmers with two 
unequal flagella. There is need to emphasise these facts, since the 
degree of similarity of outward form is in part astounding. Apart 
from the ordinary spherical type, such as Chlorobotrys (fig. icq A) 

IwVT h rc t deS o n ^ ed 3S 3 s P ecies of Chlorococcum, we have 
otrydiopsis (fig. 158 H) much resembling a small yellow-green 

Aca, ' th( i ch l ons (% 158 P) parallel to Trochiscia, 

Wf -Z \ PSIS ( , fig ; i 6 ° A - B ) so similar to Characium that its species 
were ong included ,n the latter, and Pascher’s Tetraedriella (fig. icq 

V* H )> etc., closely parallel to Tetraedron. The analogy goes further (65) 
“ e can dl f n guish a set of forms 

^ ^ i / A , J F S a . - swarmers are the 

nne (e.g. Lharaciopsts, Halosphaera). 

to a Dla S n?r°nn- PPear ^ *** ^ haS ada P ted itse,f so strikingly 

“ ,S ' en “ 35 have the Chlorococcales, although 
(h ?- '59 P) and Centritractus (fig. ,cq Q) represent 

forms a m k r iC ty ? eS ir While the tW ° common oceanic plankton 
Sen af t V and M ^ n SOsphaera, are now recognised as 

differences int! 6 ' 6 ™™??' Perhaps one of the most striking 
comntr u comparing the latter with the Chlorococcales is the 

a trur 0 ' ^ ^tero! 

Hc.erochlor,dales corresponds to their absence among 

The Zoosporic Forms (Halosphaeraceae) 
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Fig. 158. Heterococcales. A-F, Halosphaera viridis Schmitz; A, mature cell 
in surface-view; B, young cell in optical section; C, amoeboid spores; D, 
mature cell with aplanospores; E, exuviation of the membrane; F, young 
cells (?). G-J, Botrydiopsis arrhiza Borzi; G, chloroplasts with pyrenoids (P), 
H, vegetative cell; I, liberation of swarmers; J, aplanospo re-formation. 

K, B. minor Chod., swarmers. L, M, Pleurochloris commutata Pascher; 

L, three cells, the lowest dividing; M, swarmer. N, O, Arachnochlons ^1° 
Pascher; N, surface-view; O, diagram of section of cell. P, ^ron/AocA/on 
brevispinosa Pascher, on the right a piece of cell-wall enlarged. Q-b, £.nao- 
chloridion polychloron Pascher; Q, swarmer-formation; R, two cells, the lowe 
just produced from a swarmer; S, swarmer. c ,, chloroplast; n, nudlew. 
(A-D after Ostenfeld; E after Gran; F after Schiller; G after Korschikoff, 
H-J after Borzi; K after Chodat; the rest after Pascher.) 
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exhibit some metaboly(22) (fig. 158 C). In practically all cases, 
however, aplanospores can replace the swarmers (cf. fig. 158 D, J) 
and these aplanospores often develop as autospores, acquiring all the 
characteristics of the mature cells before liberation. In Halosphaera 
the aplanospores (20) are stated to have a silicified membrane composed 
of two halves (62). According to Borzi(to) the aplanospores of Botry- 
dtopsis arrhiza become thick-walled resting hypnospores which later 
produce gametes, an observation which has to some extent been 
confirmed by Dangearduo. In Halosphaera there are also known 
resting stages formed by contraction of the protoplast into a single 
spore provided with a thick bipartite membrane (62); similar structures 
have been observed in Botrydiopsis. 

Despite its abundance the life-history of Halosphaera is imperfectly 
known and the development of the mature cells from the swarmers has 
not been observed. Schiller (88) records from the Adriatic the appearance 
of small cells with a thick mucilage-envelope (fig. 158 F) some con¬ 
siderable time before the larger individuals occur in the plankton, but 
it remains doubtful whether these belong to the same organism. 


The Azoosporic Unattached Forms (Chlorobotrydaceae) 


The best known of these is Chlorobotrys regularis ((7), (72) p. 329, («°2>) 
whose spherical cells (fig. 159 A) are not uncommon in the waters of 
bogs. The cells occur isolated or more commonly in families of 2-16 
surrounded by a wide homogeneous mucilage-envelope (fig. 159 D). 
The cell-walls are often of some thickness and prominently silicified. 
The discoid parietal chloroplasts are sometimes few, sometimes many 
(fig. 159 A, D), and one or more red pigment-spots are commonly 
found in the cells. Monodusu&.i<>) is distinguished by the shape of 
its cells (fig. 159 E, F) which are asymmetric and often pointed at 


one end. 

Tetraedriella (fig. 159 G, H), Tetragoniella (fig. 159 J. K), and other 
allied forms described by Pascher(67) are clearly Xanthophycean 
parallels of the green Tetraedron y with cells of characteristic s ape 
and more or less numerous chloroplasts. Some species of Tetrae rte a 
are marine ((73) p. 199). Geitler’s Goniochloris( 30,67), with markedly 
flattened cells (fig. 159 L, M), shows a certain degree of convergence 

to Triceratium among the Bacillariophyceae (cf. p. 569). 

Other forms show definite planktonic adaptations. Meringosp ae 
(51,64.73.87), with several species widely d'stnbuted in m* 
plankton, has cells of diverse shapes (spherical, ellipsoidal tet 

hedral, etc.) which sometimes possess a mucilage-en\e °P e either 
on their surface a number of colourless bristles which are either 

straight or undulated (fig. 159 N, O); in some S ?i C ^ ot u ers they 
uniformly distributed around the periphery' of the cell, mo Y 
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are confined to one side. Both the cell-wall and the bristles contain 
silica. In M. mediterranea the membrane consists of two halves (105). 
A more specialised type is seen in Schilleriella ((73) p. 216), where 
three bristles of unequal length arise at one end. 

In C entntractus (48) and Pseudotetra'edron (61), two freshwater plankton- 
forms, the cell-walls are distinctly composed of two halves, a feature 
which is not yet established for Chlorobotrys, most species of 
Menngosphaera, etc., although probable on comparative grounds. The 
cells of Centritractus (fig. 159 Q) are cylindrical and prolonged at each 
end into a long pointed spine, whilst in Pseudotetra'edron (fig. 159 P) 
they are flattened, elliptical in cross-section, and produced at the 
four corners into long delicate bristles. 

The majority of these forms appear to reproduce by aplanospores 
often developed as autospores (fig. 159 I), although swarmers occur 
in Tetragomella and Goniochloris, l while Poulton ((79) p. 321) records 
zoospores in a species of Chlorobotrys , as yet only known from cultures 
and probably not belonging to this genus (cf. also (72) p. 333). Several 
of these genera form endogenous bivalved silicified cysts; those of 
Chlorobotrys (fig. 159 B) have the shape of flat cylinders and on 
germination produce two aplanospores (fig. 159 C). 

The Epiphytic Heterococcales 

The epiphytic Heterococcales are grouped in the family Chloro- 
theciaceae, of which Characiopsis ((10) p. 151, (13), (14), (49)) is the most 
widely distributed genus The cells, which are solitary or gregarious, 
vary in shape in the different species (cf. fig. 160 A-D) and are 
generally provided with a short thick stalk attached by a basal 
mucilage-cushion. According to Pascher ((66) p. 57) the membrane 
is composed of two, usually unequal pieces of which the upper is the 
smaller and becomes detached when swarmers are liberated; in 
certain species the uppe r piece is thickened and may be coloured 
reddish brown by iron compounds (fig. 160 F). Some species possess 
but a single chloropla&t, although most have a number of discoid 
ones (fig. 160 A-D). According to Carter(i3) the chloroplasts of some 
species are only clearly distinguishable in the young cells, nearly the 
whole of the peripheral cytoplasm appearing pigmented in the older 
ones. The mature cells are often multinucleate (fig. 160 C, D), a con¬ 
dition that probably precedes zoospore-formation. In Peromelia 
(34.91) the spherical or ellipsoidal cells are seated at the end of a ong 

hyaline stalk (fig. 160 E). ... 

' Chlorothecium ((9), 0 °> p. 139) chiefly differs from Characiopsis in 

1 This shows that, as in the Chlorococcales (p. * 47 ). a shar P distinction 
into zoosporic and azoosporic forms is not possible. 



Ca P £c ST'" 1 ' 5, A Characiopsis turgida West. B-D. 

and nuclei (n\ p p P sw a«™er-formation; D, with chloroplasts (c) 

Printz. G-I Chlorotht^ me p? Pascher. F, Characiopsis crassiapex 

of aplan^poVes^and B °T ; H ’ Vc * ctativc cells > h liberation 

Pascher; J, formation of P a suarme ^» from same. J-L, Luther el la adhaerens 

B-D after CaUl ST^ 1 SWar ? ers ; L - habit - ( A West ; 
v-arier, U-l after Bora; the rest after Pascher.) 
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the broad attachment (fig. 160 H) and in the fact that the two halves 
of the membrane are nearly equal (cf. fig. 160 I). A peculiar epiphyte, 
recently described by Pascher ((67) p. 442) under the name of 
Lutherella (fig. 160 J, L), shows a considerable degree of parallel to 
Epichrysis among the Chrysophyceae (p. 548). The rounded sessile 
cells contain a single parietal chloroplast. 

Most Chlorotheciaceae normally reproduce by zoospores, usually 
formed in considerable numbers in the cells (fig. 160 I), although in 
Luther ella (fig. 160 K) they are produced in pairs. 1 In Characiopsis 
thick-walled aplanospores are known and, according to Borzi ((10) 
p. 160), such structures can give rise to motile gametes, an observation 
that requires confirmation. Chlorotheciurn (fig. 160 I) reproduces by 
4-16 aplanospores with a bivalved membrane which are liberated by 
the separation of the two halves of the wall. From these spores 
2-4 swarmers with two lateral chloroplasts are set free and these, 
according to Borzi ((10) p. 145), can again act as gametes. 

The multinucleate habit among the Chlorococcales finds its parallel 
in Ophiocytium (Ophiocytiaceae), an abundant freshwater form having 
the shape of a more or less elongate cylinder, usually somewhat 
curved and often even spirally wound (fig. 161 A), whilst one or both 
ends (fig. 161 D) are provided with a spine-like process. Many 
species are epiphytic and in that case attachment is effected by a knob¬ 
like expansion at the end of one of these processes (fig. 161 C). The 
membrane consists of two very unequal pieces which are clearly 
distinguishable after treatment with potash (5). There is a small 
structureless lid (fig. 161 B, F, /), the pointed edge of which fits over 
the elongated basal portion which is composed of a series of strata, 
each resembling a long thimble with a strongly thickened rim. By 
apposition of successive strata both thickening of the wall and growth 
in length of the whole cell are brought about (cf. fig. 161 B). The 
mature cells always contain several nuclei and a number of chloro¬ 
plasts, commonly appearing H-shaped in optical section (fig. 161 A). 

Reproduction ((66) p. 72, (82)) is effected by zoospores (fig. 161 I, J) 
or aplanospores (fig. 161 C, H) which are liberated by the detachment 
of the lid, as a result of swelling of the inner layers of the membrane. 
At the commencement of swarmer-formation the outlines of the 
chloroplasts become indistinct. The swarmers, of which there are 
usually four (rarely eight), lie in a single row and escape with t eir 
posterior end foremost. They possess two unequal flagella, one or 
two chloroplasts, a brown eye-spot, and a basal whitish glistening 
mass ((66) p. 72). As these swarmers come to rest they become, 
amoeboid and gradually assume a spherical form, whilst the process 
develops from the glistening mass at the base. In t e epip y 
» In Characiopsis the swarmers of several species are stated to possess but 
a single flagellum. 
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species therefore attachment is effected by the posterior end. In some 

species the aplanospores may develop the characteristic process and 

other features of the mature individual before liberation (autospore- 
lormation(8i)). v r 

In several species of Ophiocytium (formerly grouped in the genus 
Stadium) the zoospores settle down at the rim of the parent- 
individual and there develop into adult cells (fig. 161 G). If this be 
repeated dendroid colonies (fig. ,61 E) originate, in which the living 
celh are found only on the ultimate branches (cf. with Ankistrodesmus, 

*^ her .L M> \° n , the au,horit >' of Scherffel, also records resting 
spores with a thick, two-valved, often reddish brown wall (fig i6t K) 

probaWv 11 toT ° f Se T!l re P roduction is doubtful. Ophiocytium is 
ChlnrL be , re S a ''d'd as a special development cf forms like 

Ae wanTod Wh ‘ Ch “ l hares the ‘"equality in the two halves of 
no donh, SO , me Cas c es ,he ""d'inucleate habit. Many species are 
from d, b • Pn T n y e P'P h >" ,c ’ althou g h they readily become detached 

Sped s of f h t Stra,Um and ,hen con tinue life as free-floating forms 
bpecjes of the genus are known to be capable of existing in waters 
containing much organic substance and little free oxygen^). 


Order III. HETEROTRICHALES 

.Itcwi ed h deve '°? ment ° f the Xan 'l'pph.vceae in comparison with 
ion of r^ yCeae ' S VC r ry markedly Cvident in tha scanty rep“ sen i- 

co^ifp^r^r" Th h e °i! y frequem ty p e is 

mmsmm 

Pieces (fig 162 D?Vin \r 1 ° d,ssociate into H-shaped 

—Si. ^ 

1 See (28), (36), <42), (66). 
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typically those of the Xanthophyceae. Bohlin(s) showed that the two 
halves of a Tribonema-ce\\ are directly comparable to those of an 
Ophiocytium-individual, but in the former case they are equal and 
the strata are devoid of the thickened rim (fig. 162 G). In cell- 
division a new H-piece arises in the equatorial region, after which 
the two halves of the parent-cell gradually separate (cf. Desmids). 

The cells usually contain a single nucleus, but sometimes two or 
several are present and, according to Hawlitschka(36), the number of 
nuclei is characteristic of the species. There are generally a number 
of parietal chloroplasts which are either relatively few (fig. 162 B) 
and then often irregular in shape, or more often numerous and discoid 
(fig. 162 A). In T. pyrenigerum ((72) p. 339) there is only a single large 
chloroplast with a pyrenoid apposed to its inner surface (fig. 162 F). 

In the immediate neighbourhood of the nucleus are one, or some¬ 
times two, irregular, highly refractive granules of unknown nature 
((66) p. 95). Pascher also records leucosin as frequently occurring in 
the form of whitish, glistening, rounded masses. Minute globules 
containing tannin, which have been likened to the fucosan-vesicles of 
Phaeophyceae, are often present in the cytoplasm, both here and in 
Ophiocytium (is). 


Asexual reproduction takes place by means of zoospores (fig. 162 
I, M) formed singly or in twos in the ordinary cells and liberated by 
separation of the two halves of the membrane (fig. 162 C). The two 
unequal flagella are inserted a little to one side of the apex in a slight 
depression, while the body of the swarmer is flattened. A pair of 
contractile vacuoles and a stigma are mostly recpgnisable (fig. 162 M). 
The zoospores show marked metaboly (cf. fig. 162 I') and at times 
shed their flagella and exhibit amoeboid movement. According to 
Scherffel ((66) p. 97; cf. also (36) p. 22) cells about to produce zoospores 
show a marked increase in the highly refractive granules above 
referred to and, after liberation of the swarmer, these collect especially 
at the posterior end (fig. 162 I', g). On coming to rest the swarmer 
elongates, while the posterior end becomes drawn out into a process 
by means of which attachment is effected (fig. 162 J, K). Some o t e 
granules are then excreted and may be concerned in producing tnc 
short stalk. The young germlings are very similar to certain species 
of Characiopsis. There is some evidence that in certain species attacn- 
ment is effected by the anterior end, but this requires confirmation. 


fn place of the zoospores there may be formation of a P> a " 0 ^ 0 ^ 
or hypnospores (fig. 162 D) with a membrane wh> ich 8 c Tn 

unequal pieccs(66) (fig. 162 C')- Apparently such ** X *™**°™™ Q ' t 

after liberation, either grow direct into a new thickening of 

two swarmers. Akinetes, which are forme y ™ j known, 

the membrane and which often assume irregular shapes, are also 
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Sexual reproduction has only once been observed ((85) p. 140). The 
gametes are described as being Morphologically alike, but one comes to 
rest and rounds off before the other active gamete fuses with it. The 

lTucosi°n CSS SphenCal z > r g° s P° res contain a large central mass of 

T breads of Tribonema are occasionally found densely covered with 
irregular masses of mucilage coloured yellow or brown by ferric 

in^vmh* 3nd d i C 1° T C ' al iron - bacteria wb ich are believed to live 

fromTh Z *?* t lga(,9) - THe Tribon ™ a is supposed to profit 
buffer K C Symb,OS ' S b v the accumulation of carbonate acting as a^ocal 
, y of which the pH of the surrounding water is regulated 

assodatio the b3C f ena ° btain a supply of oxygen from the alga. A similar 

Z fola h iron-bacteria ,s also met with in the case of Green 
^igae ( Uedogomum , etc.). 

threads whir^lr’ P ' l8s> , <7J) P- 34 ° } has unbran ched, unattached 
tion The h l H t f C °^ monly short as a r <*ult of abundant fragmenta- 

PaschTrt ^ tL° C g , CnUS 3re 7 ° l a,t ° gether clear ' According to 

is not evS th ^P lcal s P ec,es the membrane of the ordinary cells 
swarmers are to b'e^ibemte'd ^^63 ha ' VeS "Z" 

thZwo'haUres^of ^he'm' Z * * n ? CS ^ ,h c * 

division 3 an d^giving* an a^Zre''" “'loomed by 

(P L„° 6) - t "d' 

always 8 ,o precede rounding offand sepam.ionTfig' 163' D^Th^'T 

nrul-Asemblatr £ ^ 

strated the presence of nik<*H « ^■orechikofft+s) has demon- 
surfaces of the chloroplasts of I S, (^X'e'h)' “ ^ 

<° »’■= » common soi, 

the manner above described, since it lacks tht appar * nt, y grow in 
the true Bumillerias. Pascher ((„)p S ° CCaS, ° nal H pieces of 

Heterothrix (fig. 162 E H I ^ l'u P 344 regarc * s 11 as a separate genus 
the form haa P°™cd outZi 

distinct, constituting a p “ ,e To Geltl? BumUl ™ - quite 

Possession of a mucilage-shea h aroZffh T°"? Ul ° tri -'baies in the 
as a fourth genus of ^ * 

via. AWAdtrZT^p.ts'a) 6 wZkcus “ are a, P r “™< known, 
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cultures, hut Pascher records it from damp soil; 1 Aeronemum is an 
epiphyte on Bryophyta. Monocilia seems normally to occur as 
Pleurococcus -like packets of globose or ellipsoidal cells (fig. 163 G, M), 
although branched filaments of some length (fig. 163 L), as well as 
discoid filamentous expanses (fig. 163 J), are occasionally formed. It 
gives the impression of being a reduced form. The cells contain a 
number ot parietal discoid chloroplasts or in other cases only a single 
large one (M. simplex , fig. 163 J), while the thin membrane as far as 
present knowledge goes is in one piece. The swarmers are typically 
Xanthophycean in M viridis (fig. ,63 F), although in M. simplex 
(fig. 163 K) only the long flagellum is present. They are produced in 
considerable numbers in the cells and in M. viridis two distinct sizes 
have been observed. Both aplanospores and aicinetes are also known. 

fi ,lrrr (92, u tyP ^f ,,y formS sma11 discs composed of radiating 

tJ rCadily se P arate and »ead an independent 

existence. The zoospores are stated to have but a single flagellum 

differentiate the genus from Monocilia, 
With which It should probably be merged (cf. also (g. a) p . l6o ). 

(P^z) m'hfhfl ^ P ' 356> (93) l C,OSe,y resemb,es Phaeothamnion 

:”arrmct™d d ££ 


Order IV. HETEROSIPHON ALES 

established as 

known. Botryiium ZnulatomZ ° ' , ;^ n ' ho Phyceae at present 

with Protosiphon is found almost excl^ely“„ 
sometimes in countless numbers standing o /• \?T ng mud ’ 

masses. According to Kolkwitz (<«) p the velrT Mu,berr y-Kke 

encrusted with carbonate of lime. fh”£dliXTfiT.&TJoS 

1 Miss James h as also found it in soil-cultures. 
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composed of a green, pear-shaped or spherical, overground vesicle, 
1-2 mm. in diameter, which is rooted in the mud by a system of 
dichotomously branched colourless rhizoids. According to Miller 
((54) p. 159) the membrane consists mainly of cellulose. The central 
sap-vacuole is continuous throughout the plant and the lining layer 
of cytoplasm contains numerous nuclei and, in the overground vesicle, 
numerous peripheral, lenticular or fusiform chloroplasts, more or less 
evenly distributed in one or more layers. Klebs ((42) p. 224) demon¬ 
strated the presence of naked pyrenoids in the chloroplasts of young 
plants where they can often be seen without staining, and these bodies 
have recently been more fully studied by Korschikoffus), using the 
methods applied in Bumilleria (cf. fig. 164 G, H). Miller ( (54 ) p. 160) 
is, however, of the opinion that they are nothing else than the central 
thickened parts of the chloroplasts that accumulate more stain and 
retain it longer. It is difficult to decide on this point, in view of the 
fact that there is no clear definition of the term pyrenoid. Hitherto 

s.m. a r structures have not been observed in the chloroplasts of 
mature plants of Botrydtum . * 

h A S ! COnd s P ecies i> f }he genus, B. Wallrothii Kiitz., is distinguished 
> the coarse stratified membrane of the overground vesicle which is 

o^caTcffim" ! 0t D ' Z ra * ulatum ™d covered with a uniform layer 
i Um i carbonate ; th e rhizoid, moreover, is monopodudly 
branched. Iyengar^) has further described from India a Species 

Lr,h < s oZ\b StS 

uncS'eV wate^'may develctp 'nu,‘tfthr $ ^ 

branched growths, while zoosporL that settle a^ the 
water may form rounded cells without anv tr* f th f . . r ( ace ot the 
forms are often elongate and club-shaoed^ ? ° f rhuo,ds - Shade - 
is evident, therefore, that the habit offloil? P ' * 3 ?’ <S4> P ' 153) ‘ lt 
than has hitherto been supposed Bo ^dtum is far more variable 

swarmere S formed* srmu^taneoushTin'hupe^ 63 ^ 10 * ^ 

pla smic conten ts of t he ves.des when ^er'ged ££ 
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1 he ovoid zoospores (fig. 164 D) possess two (sometimes more) 
lateral chloroplasts and are devoid of a stigma, while the two flagella 
anse alittle to one side of the apex (( 43 > p. 539, < S4 ) p. 157); they are 
markedly metabolic, especially in the posterior region. The swarmers 
are set free by the gelatinisation of the apex of the vesicle (fig. 164 C). 
Aplanospores are formed when the plants are wet, but not submerged, 
i.e. in damp air. The young plants usually have at first a simple 
undivided rhizoid (fig. 164 E). 

Miller ((s 4 ) p. 155) has described various methods of forming 
resting stages. In some cases the entire contents of a vesicle give rise 
to a single large cyst enveloped by a thick membrane, while in 
B. Wallrothn the contents divide to form a number of multinucleate 
cysts. In Miller’s B. pachydermum the walls of the principal branches 
of the rhizoid-system undergo pronounced thickening so that the 
cavity may be altogether obliterated, while the large cyst formed in 
the vesicle is drawn into the substratum by contraction of the rhizoids. 
During periods of drought the protoplasmic contents migrate into the 
rhizoids and, in the case of B.granulatum (fig. 164 B), divide to form 
a large number of thick-walled globose or ellipsoid resting cysts 
which can either germinate directly or give rise to zoospores. In 
B. tuberosum the contents pass into the swollen ends of the rhizoids 
(fig. 164 J), each of which forms a cyst (39.54). According to 
Miller (54) all types of cysts can germinate without a resting period. 

Rosenberg (83) has recently reported the discovery of isogametes in 
B. granulatum which is monoecious, fusion of the gametes occurring 
even before they are liberated from the vesicle. The gametes are 
described as obpyriform, with the two flagella inserted at the broader 
end, and contain from one to three chloroplasts. The gametes meet 
and fuse by way of their posterior ends (fig. 164 K). The round zygote 
(fig. 164 M) germinates immediately. Parthenogenesis is also reported. 

Printz ((81) p. 411) brings into relation with Botrydium a colourless 
coenocytic organism, Geosiphon, which lives in symbiosis with species 
of the blue-green alga Nostoc Uo 4 ). This curious form has as yet only 
been found in autumn on clay soil, mainly on that of arable land, 
associated with Anthoceros and other Liverworts. The small colonies 
of the Nostoc are found in overground pear-shaped vesicles, a number 
of which arise from a branched weft of non-septate underground 
threads (fig. 165 A). The membrane is thick and stratified and consists 
of chitin, while abundant oil occurs in the contents. The only method 
of multiplication so far observed is by the formation of new vesicles, 
at first crowded with reserve-food, from the ends of the branches of 
the threads. Geosiphon thrives in inorganic nutritive solutions. 
According to Knapp a) formation of vesicles on the threads depends 
on infection with Nostoc ; he regards Geosiphon as a Phycomycete 
(cf. also (66 a)), the Botrydium-like vesicles being a result of the symbiotic 
union of the fungus with the alga. 



AMOEBOID AND HETEROTROPHIC FORMS 


499 


Amoeboid and Heterotrophic Forms among the Xanthophyceae 

Repeated reference has been made to the amoeboid state often 
assumed by the motile stages of the Xanthophyceae which may or 
may not be accompanied by loss of flagella. Permanently amoeboid 

*T eS T,’ *i°TE vcr ’ a, f° known - Thus Pascher's (<6 3 > p. 36, (7 „ p. 3I2) 
Rhizochlorts (Heterochlondaceae) is a marine amoeba which contains 
several yel owish green chloroplasts (fig. 165 B, c) and apparently 

dark S coTo g y I y mgeSt,0n °u S ° lid Partldes; one possesses a 

dark-coloured eye-spot. The same authority ( 6 9 > has described an 

bv n m?a e n,; me f mber ° f ^ Heterococca,es ( fi g- 165 C) which reproduces 
(trc Dlthir ? 0 ' 65 ’ aS WC|1 as by the hheration of amoebae 

(ng. io 5 U) which possess one or more chloroplasts (fie 16c E) These 
move with the aid of pseudopodia and exhibit ingestfon of abundant 

g me particles, but after a varying interval round off secrete a 
membrane, and constitute a new coccoid individual. In’this form 

mmsmm 

could not. however, be followed f^her C ° ,OUrleSS f ° rm 

leaves, swarmer-fo^matTon' 'is^e U the C r e ,S "} habiting S P'“*g™m- 
assuming an amoeboid form and on ^ "Productive cells usually 

pletely rhizopodial before the corrn H mmR l ° rCSt ’ becomin K com- 
holozoic nutrition takes Place S pr °^ced. Here too 

that the origin of amoeboid forms from alpal f TheSe ° bserv ations show 

evident in the ChrysophyceaeandD k ypC# * Wh,ch U Ver y clearl >- 
in a ^i b °cormecfion^ ,Z0 ^^ a,,e “ d ^ 1 ^ 

protoplasts containingTui!^ naked 

storing cells of Sphagnum- leaves (fig ,6 “I? ,Vmg , m the water- 
contractile vacuoles (t>) are discernible in 5 ^ ’ more | or frequent 
is stored in the shape of leucosin and 1 V*® Cytop,asm . while food 

(fig. 165 G, J) arise by the secretion of a th - m J* ,t «nucleate cysts 
protoplast, and such cysts may either hhe ^ ^ embrane around the 
a new amoeboid proioplaTt or bv J ^ ^ entire COntents as 

uninucleate swarmers (fig *6c Z!!°S °i ^ latter P~duce 

ductive stages can form endoLni amoebo ‘d units. These repro¬ 
membrane. There is considerfhh? US S , P ° res w,th the usual bipartite 
Chrysophyceae (p. 536). analogy with Myxochrysis among 

MyX0MonS als ° shows m “' h >0 c Mamydomyxa which h>s 
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Fig. 165. Amoeboid and heterotrophic forms. ^'G‘° siph ™J > ^mbeT 
(Kiitz.) Wettst. B, Rhizochloris mirabilis Pascher. C F, E f 

of Heterococcales; C, coccoid cell ; D, production of nvo amoebae, E.F, two 

amoebae engulfing a diatom. G. I J, N. MyxocMons 
G, J, swarmer-formation in cysts; I, plasmodium in 
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been the subject of frequent investigation (cf. (a), (37), ( 7 S)) and is 
suspected of being a member of Xanthophyceae. Chlamydomvxa, 
however, as a general rule only forms its resting stages in the cells of 
the Sphagnum-leaves, whilst the large naked rhizopodial protoplasts 
(fig. 165 H) lead an independent existence. 

A somewhat similar colonial organism has been described by 
Geitler(3i) from marine cultures under the name of Chlorachnion 
reptans. The naked cells, which contain a number of green chloroplasts 
with a pyrenoid apposed to each, are united by numerous fine rhizo- 
podia to form a flat network arising by repeated division of the cells. 
Nutrition is partly holozoic. Resting cysts are formed by withdrawal 
of the rhizopodia and rounding off of the protoplasts, followed by the 
secretion of a membrane. Whether this form belongs to the Xantho¬ 
phyceae is still doubtful. 


Contrary to the Chlorophvceae few independent colourless types 
are known among the Xanthophyceae. Chloramoeba, it will be remem- 
bered, can become colourless under certain circumstances. Lager- 
heim’s Harpochytrium^.+*a.+ 7 ), an epiphyte on freshwater Algae and 
long suspected of being referable to this class, is now definitely 
established as belonging here by the discovery of a holophytic species 
(H.vinde fig 165 K) by Scherffel ((86) p. 519). This genus belongs 
to the Chlorotheciaceae, the sickle-shaped cells which in most species 
lack chloroplasts being attached to the substratum by a basal stalk 

1 1 • I ,° H \ viride t J iere is a sin gle parietal yellow-green chloro- 

plast. Multiplication is effected by zoospores, formed simultaneously 
in an elongate sporangium which becomes cut off from a basal 

?°« UOn u hy a D sept .“ m i6 5 M). The ovoid swarmers 
also belong here d ° Ubtfu ' genus AmoMdium <„ „> 


The Status and Relationships of the Xanthophyceae 

As far as our present knowledge shows, the Xanthophyceae have not 
attained to as high a differentiation as the Chlorophyceae the main 

ttefTS 3 y Cemnn £ about the palmelloid and coccoid 

rinrnA ^ notlceable * too » that at present few cases of sexual 
reproduction are reported and that these do not pass beyond the 

isogamous s tage. This indicates a group that is possibly still in course 

Ha^*; lab r nth Z loid “ Arch - K. 

Wille, liberation of swarmers ' a Nosta^l.lA?** M » H 

vacuole. (A after Wettstein • H after Hieronv chlo ™Pj ast : v > contractile 
M after Atkinson; the rest after Paschcr ) '™" 5 = K> L after Sch «rffel; 
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of evolution. By comparison with the Chrysophvceae, with which the 
Xanthophyceae share the paucity of highly evolved types and the 
absence of oogamous sexual reproduction, the flagellate phase is 
scantily represented. The majority of the Xanthophyceae appear to 
occur in freshwater, but Halosphaera and Meringosphaera (Hetero- 
coccales) are widely distributed in marine plankton and our knowledge 
of the simpler filamentous marine Algae is so imperfect that Xantho¬ 
phyceae may yet be found among them. 

The outstanding characteristics of the class are constituted by the 
special pigmentation of the chloroplasts, the absence of starch and 
the storage of oil, the prevalence of pectic compounds in the mem¬ 
branes, the distinctive flagellation and frequent amoeboid character 
of the swarmers, and the widespread occurrence of endogenous cysts 
with a membrane of two usually unequal pieces and commonly 
silicified (70). These features are clearly marked in many members of 
the class. Many of them are found also in the Chrysophvceae and 
are almost doubtless indicative of a relationship between the two 
classes (cf. p. 643). As Geitler<4*) has pointed out, it is more the 
collective presence of the above characteristics that serves to dis¬ 
tinguish the Xanthophyceae, since one or other of them is often ill 
developed in a given form or in certain habitats. He particularly 
draws attention to the fact that forms like Tribonema and Chlorobotrys 
are often found in nature with pure green chloroplasts, showing no 
preponderance of xanthophvll, and there is no denying that under 
certain conditions of the habitat the metabolism of Xanthophyceae 
and Chlorophvceae may come to be rather similar. 1 Geitler inclines to 
lay special stress on the features of the flagella which are very delicate 
and, even when of almost equal length, show differences in their 
movements, in the position in which they are held, and in their 
structure (99). One flagellum is beset with numerous fine cilia (fig. 
154 H, K), a type normal in the Chrysophvceae, although declared by 
Korschikoff (44) to be an artefact. Pascher emphasises the customary 
clear character of the cytoplasm and the frequent presence in the 
swarmers of small, highly refractive, crystalloidal or rod-shaped 
bodies of unknown nature; they seem to play a part in wall- 
formation. Steinecke(92a) looks upon the Xanthophyceae as a 
reduction-series commencing with the filamentous forms which are 
supposed to be derived from Green Algae like Microspora. This 
view is, however, at present based on too slender a foundation to be 
seriously considered. 

The affinities of Xanthophyceae with Chrysophvceae and Bacillano- 
phyceae are considered on p. 642. 

1 Dangeard <«o 8 ) also describes a case of apparent change from the 
characteristics of Chlorophyceae to those of Xanthophyceae in Scemdesmus 

acutus. 
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The following is an epitome of the classification of Xanthophyceae 
adopted in the preceding matter: 

I. Heterochloridales : 

(a) Heterochlorineae: 

1. Heterochloridaceae: Ankylonoton, Chloramoeba, Chlor- 
ochromonas, Chloromeson, Heterochloris, Nephrochloris, Phaco- 
monas (?), Rhizochloris. 

( b ) Heterocapsineae : 

z. H eter °capsaceae: Botryococcus (?), Chlorogloea, Chloro- 

saccus, Gloeochloris, Helminthogloea, Leuvenia, Pelagocystis (Cle- 
mentsia). J 

( c ) Heterodendrineae: 

3. Mischococcaceae: Mischococcus. 

(d) Heterorhizidineae: 

4. Heterorhizidaceae: Rhizolekane, Stipitococcus. 

II. Heterococcales : 

• 5 'v H ? lOS J > , hae ™ ceae: AcanthochJoris, Arachnochloris, Botrv- 
diopsis Endochloridion, Halosphaera, Perone, Pleurochloris. 

Myxochloris 1 K hl ° rtdaceae: Chlamydomyxa (?), Chlorachnion (?), 

. . ■ 7 f h ! orob °irydaceae: Centritractus, Chlorobotrys, Gonio- 
Ten■^gonie^a! 1 ^ OSP ^ ae^a, M ° nodus> Pse udotetraedron, Tetraedriella. 

8. Chlorotheciaceae: Characiopsis, Chlorothecium 
chytrium, Lutherella, Peroniella. Chlorotheoum, Harpo- 

9- Ophiocytuiceae: Ophiocytium. 

III. // eterotrichales: 

bonem°: Tribonemac ™' Bumilleria, He.ero.hri*, Neonema, Tri- 

cilia (H A "° nemUm < ? >' Heterodendrcn, Mono- 

IV. Heterosiphonales: 

12. Botrydiaceae: Botrydium, Geosiphon (?). 

Literature of Xanthophyceae 

1. Allorce, P. ' H^rocontes ou Xanthophvc*es>’ c 

genua Harpochy.riu,,, in ,he United Su.es V G F - ' T 1 "-' 

que^M^de^cur^ctiadtV 

2 . 133-47. 1888. 9. Borz, A ' ” fe ^° la Naeg -‘ Mal P^, 

a S n-,, .in. b„ mi , a . 's, ud , al Xt:XZT^t 



XANTHOPHYCEAE 


504 


No. 17 on p. 138 (Bristol, 1920). 12. Carlson, G. W. F. ‘Ueber Botryo- 

dictyon elegans Lemm. und Botryococcus Braunii Kiitz.’ Bot. Stud, till 
Kjellmann , pp. 141-6. 1906. 13. Carter, N. ‘On the cytology of two 

species of Characiopsis.' New Phytol. 18, 177-86, 19x9. 14. Cedercreutz, 

C. ‘ Zwei neue Heterokontenarten.’ Arch. Protistenk. 75, 517-22, 1931. 
15* Chadefaud, M. ‘ Observations cytologiques sur les Confervac6es.’ Bull. 
Soc. Bot. France, 77, 358-66, 1930. 16. Chodat, R. ‘ Sur la structure et 

la biologie de deux algues p£lagiques.’ Journ. de Bot. 10, 333 et seq. 1896. 

17. Chodat, R. ‘ Heterococcus .’ Bull. Herb. Boissier, 11, 8, 80-1, 1908. 

18. See No. 25 on p. 138 (Chodat, 1913). 18a. See No. 42 on p. 192 

(Chodat, 1922). 19. Cholodnyj, N. ‘Ueber Eisenbakterien und ihre 

Beziehungen zu den Algen.’ Ber. Deutsch. Bot. Ges. 40, 326-46, 1922. 
20. Cleve, P. T. ‘ Om Aplanosporer hos Halosphaera.' Ofvers. Svensk. 
Vet.-Akcid. Forhandl. 55, 133-4, 1898. 21. Dangeard, P. ‘ Une algue 

verte peu connue appartenant au genre Botrydiopsis (Borzi).’ Nuov. Notarisia, 
1925,123-9. 22 . Dangeard, P. ‘ Notes sur VHalosphaera viridis Schmitz.’ 

Botaniste, 24, 261-74, 1932. 23. See No. 46 on p. 441 (Derb6s & Solier, 

1856). 24. Doflein, F. ‘Die Gattung Chloramoeba Bohlin und ihre 

Stellungim Reich der Organismen.’ Acta Zool. 2,431-43,1921. 25. Gams, 

H. ‘ Einige Gewassertypen des Alpengebietes.’ Verh. Internat. Ver.Limnol. 

I , .288-93, *923. 26. Gardner, N. L. ‘ Leuvenia, a new genus of Flagel¬ 
lates.’ Unip. California Publ. Bot. 4 , 97-106, 1910. 27. Gavaudan, P. 

‘ Quelques remarques sur Chlorochromonas polymorpha spec, nov.’ Botaniste, 
23,277-300,1931. 28. See No. 37 on p. 227 (Gay, 1891). 29. Geitler, 

L. ‘Beitrage zur Kenntnis der Flora ostholsteinischer Seen.’ Arch. Protis¬ 


tenk. 52, 603-11, 1925. 30. Geitler, L. ‘ Neue Gattungen und Arten der 

Dinophyceen, Heterokonten, und Chrysophyceen.’ Ibid. 63, 67-83, 1928. 
31. Geitler, L. ‘Ein griines Filarplasmodium und andere neue Protisten.’ 
Ibid. 69, 615-36, 1930. 32. Geitler, L. ‘Ueber das Auftrcten von 

Karotin bei Algen und die Abgrenzung der Heterokonten.’ Oesterr. Bot. 
Zeitschr. 79, 319-22, 1930. 33. Sec No. 75 on p. 193 (Gerneck, 1907). 

34. Gobi, C. ‘ Peroniella Hyalothecae, eine neue Siisswasseralge.’ Script. 
Bot. Hort. Petropol. 1, 244-50, 1887. 35. Gran, H. H. ‘ Das Pjankton des 

norwegischen Nordmeeres, etc.’ Rep. Norwegian Fishery & Marine lnveslig. 
Bergen, 2 , No. 5, 1902. 36. Hawlitschka, E. ‘Die Heterokonten- 

Gattung Tribonema.’ Pflanzetiforschung, 15, 1932. 37. Hieronymus, G. 

‘Bemcrkungen viber Chlamydomyxa labyrinthuloides Archer und C. monlana 
Lankester.’ Hedwigia, 44, 137-57, 1904-5. 38. Iwanoff, L.^ ‘ Zur Ent- 

wicklungsgeschichte von Botrydium granulatum Woron. et Rostaf.’ Trav. Soc. 
Imp. Nat. St Pitersbourg, 29, 144-51, *898 (German summ., pp. >55-6); 
39. Iyengar, M. O. P. ‘ Note on two new species of Botrydium from India. 
Journ. Indian Bot. Soc. 4, 193-201, 1925. 40 . Janet, C. ‘ Sur le Botrydium 

granulatum.' C. R. Acad. Set. Paris, 166, 960-3, 1918. 41. Jeffrey, b. C. 

‘The nature of some supposed algal coals.’ Proc. Amer. Acad. 46, 273-90, 
1910 (cf. also Rhodora, 11, 61-3, 1909)- 42 - Klebs, G. Die Bedingungen 

der Fortpflanzung bei einigen Algen und Pilzen. Jena, 1896. 42a. Knapp, 

E. ‘ Ueber Geosiphon pyriforme Fr. Wettst. etc.’ Ber. Deutsch. Bot. Ges. 
51, 210-16, 1933. 43. Kolkwitz, R. ‘ Zur Oekologie und Systematik von 

Botrydium granulatum (L.) Grev.’ Ibid. 44, 533-40. 1926. 44 * ee 

on p 56 (Korschikoff, .,a 3 ). 44 «- See No. S 9 ° »» P- 5 6 ° < Kon £ l “ k °?’ 

1924). 45. Korschikoff, A. ‘On the occurrence of pyrenoids in Hetero- 

contae.’ Beih. Bot. Centralbl. 46,1, 470-8, 1930- . 4 *' S ? e No - 59 
(Lagerheim, 1889). 47. Lagerheim, G. Harpochytnum un< * ^ hlye 

zwei neue Chytridiaceen-Gattungen.’ Hedwigia, 29 , 142 5, 9 • 4 • 

I.EMMERMANN, E. ‘Beitrage zur Kenntnis der Planktonalgen. IX. Ber. 



LITERATURE 


505 

Deutsch. Bot. Ges. 18 , 272-5, 1900. 49. Lemmermann, E. ‘Die Gattung 

Gharaciopsis Borzi.’ Abh. Nat. Ver. Bremen, 23 , 249—61, 1914. 50. Lewis, 
I. F. ‘ Chlorochromonas minuta, a new Flagellate from Wisconsin.’ Arch. 
Protistenk. 32 , 249—56, 1913. $x. Lohmann, H. ‘Neue Untersuchungen 

liber das Reichtum des Meeres an Plankton.’ fViss. Meeresunters. Kiel, N.F., 
7 , 1—88, 1903. 5 ^- Ixihmann , H. ‘ Eier und sogenannte Cysten der 

Plankton-expedition.’ Ergebn. Plankton-exped. d. Humboldt-Stiftung , 4, No. 
4, Kiel & Leipzig, 1904. 53. Luther, A. ‘ Ueber Chlorosaccus, eine neue 

Vr J ttUn ^T der ■ SUsSWasseralgen * etc ’’ Bih Svemk - Vet.-Akad. Handl. 24 , 
Afd. 3, No. 13,1899. 54. Miller, V. ‘ Untersuchungen iiber die Gattung 

Botrydium Wallroth.’ Ber. Deutsch. Bot. Ges. 45 , 151-70, 1927. 55. See 

N° 139 °nP- 193 (Moore & Carter, 1926). 56. Murray, G. ‘On a new 

genus of Algae, Clementsia Markhamiana.' Geogr. Journ. 25 121-3 iooc 
S 7 . Naecel, C. Gattungen einzelliger Algen. Zurich, 1849. ’ 58. Osten- 
feld, C. rl. Notes on Halosphaera Schmitz.’ Dansk. Bot. Arkiv, 5 , No. 8 

FWllite a, . SO Bot - Tidsskr ; 34 , 70. 1915)- 59 - Pascher, A. ‘Marine 

Flagellaten im Susswasser. Ber. Deutsch. Bot. Ges. 29 , 517-23. 1911 

60. Pascher, A. Zur Gliederung der Heterokonten.’ Hedzcigia, 53 , 7-22 

Ibid E* 6l * PASCHER ' A ‘ ‘ Die Heterokontengattung Pseudotetraedron} 

Bot' Ges 33 I 9 m‘ Pastier, A. ‘ Ueber Halosphaera.' Ber. Deutsch. 

Bot. Ges. 33 , 488-92 1915. 63. See No. 97 on p. 561 (Pascher 1017) 

fphaJ^lS’n m , de /. srd " en P'anktonalge des Meeres, MeHngo- 

B £ Bo*-*Get. 35 ,170-5, 1917. 65. See No. 138 on p. 57 

n a / h // J 9 *o' 66 *, Pascher - A - ‘Heterokontae,’ in slsszcasserH 

ScSdl "• i Schroei *> I92 5 (inch observations of 

fo20 ZUr 68 en pA? ,S der A he ' e , r ,°u 0nten A,Ren ’ Arch Protistenk 1 **, 401-5,’ 
dialen einen grUncn * assimilationsfShigen plasmo- 

gebi 1 defer”:! po ren bS dS Wgen" 

‘ Ueber neue oder kritische 

ten.’ Ibid 77^195-2 7 **, und ihre Verwand- 

in the waters’round Iceland,etc ^Meddef'^ornmuPtf** 011 . . ,nvest j gations 
Plankton. Copenhagen 1 No 8 .nil Z**' Havu ^rsogels. Set. 

E M. ‘Studies on the Heterokontae” N^Phy'tol 25 IVa P ° ULT °^’ 

f o a6 p , o 9 u 3 c oN ' 8 E , M s.;£r^" rr °% h ' 

»oL Zeitschr . 79 , 289—q6 , 1930 (also ^Zerh ~Z > l It t ’ Oesterr. 

.930), 84. Rotm J, A "° 8 >. 



XANTHOPHYCEAE 


506 

Beitrag zur Phylogenie einiger Gruppen niederer Organismen/ Ibid. 59 , i > 
I 43 “ 58 » 19°*- 86. Scherffel, A. ‘ Bcitrage zur Kenntnis der Chytri- 

dineen. Ill/ Arch. Protistenk. 54 , 510-2S, 1926. 87. Schiller, J. 4 Ueber 

neue Arten und Vlembranverkieselung bei Meringosphaera / Ibid. 36 , 198- 
2 oS, 1916. 88. See No. 184 on p. 143 (Schiller, 1925). 89. Schmidle, 

\V. 4 Notizen zu einigen Susswasseralgen/ Hedwigia, 41 , 150-63, 1902. 
90. Schmitz, F. ' Halosphaera, cine neue Gattung griiner Algen aus dem 
Mittelmeer/ Mitt. Zool. Slot. Neapel, 1 , 67-92, 1878. 91. Serbinow, 

J. L. ‘Ueber den Bau und Polymorphic der Susswasseralge Peromelia 
gloeophila Gobi/ Script. Bot. Hort. Pctropol. 23 , 91-4, 1905. 91 a. See 

No. 86 on p. 228 (Smith, 1933). 92 . Snow, J. W. ‘Two epiphytic algae/ 

Bot. Gaz. 51 , 360-S, 1911. 92 a. Steinecke, F. 4 Die Flagellaten als 

Reduktionsreihen am Heterokontenast, etc/ Bot. Archiv, 34 , 102-14, 1932. 

93 . STEINECKE, F. 1 Algologische Notizen. 11. Heterodendron Pascheri y 
Euglenocapsa ochracea , Stylodinium cerasiforme / Arch. Protistenk. 76 , 589- 

94, 1932. 93 <J. Taylor, W. R. ‘Observations on Amocbidium parasiticum 

Cienkowski/ Journ. Elisha Mitchell Sci. Soc. 44 , 126-32, 1928. 94. Thies- 

SEN, R. ‘Origin of the boghead coals/ U. S. Geol. Surv. Prof. Paper 132, I, 
pp. 119-35. Washington, 1925. 95. Ulehla.V. 4 Ueber C 0 2 - und p Pi- 

Regulation des Wassers durch einige Susswasseralgen/ Bcr. Deutsch. Bot . 
Ges. 41 , (2o)-(3i), 1923. 96. See No. 207 on p. 446 (Virieux, 191 *)• 

97. Vischer, W. 4 Experimented Studien an Mischococcus confervicola 
Naegeli/ Bcr. Schweiz. Bot. Ges. 40 , xviii-xix, 1931. 98. Vischer, W. 

4 Experimentelle Untersuchungen (Gallertbildung) mit Mischococcus sphacro- 
cephalus Vischer/ Arch. Protistenk. 76 , 257-73, 1932. 99 * Vlk, W. 

4 Ueber die Struktur der Heterokontengeisseln/ Beih. Bot. Centralbl. 48 , 1, 
214-20, 1931. IOO. West, G. S. British Freshwater Algae. 1st edit. 
Cambridge, 1904. IOI. West, W. Sc G. S. ‘Notes on freshwater algae/ 
Journ. Bot. 36 , 330-8, 1898. 102 . See No. 94 on p. 229 (West & West, 

1903). 103. West, W. & G. S. ‘A further contribution to the freshwater 

plankton of the Scottish lochs/ Trans. Roy. Soc. Edinburgh 9 41 , 477 et seq. 
1905. 104. W'ettstein, F. 4 Geosiphon Fr. Wettst., eine neue interessante 

Siphonee/ Oesterr. Bot. Zeitschr. 65 , 145-56, 19 * 5 - I0 5 * W ULFF, A. 

‘ Ueber das Kleinplankton der Barentsee/ Wiss. Mceresunters., Helgoland , 
N.F., 13 , 97-118, 1919. 106. Yang, K. S. 4 Beitrag zu dem Studium der 

Mikrostruktur der Cannelkohlen, etc/ Bull. Geol. Soc. China , 9 , 135-81, 
1930. 107. Zalessky, M. D. ‘Sur les nouvelles algues d^couvertes dans 

le saprop^logene du Lac Beloc, etc/ Rev. gen. Bot. 38 , 31-42, 1926. I0o% 
See No. 99 on p. 77 (Dangeard, 1933 )- 



Class III. CHRYSOPHYCEAE 


In the case of the Chlorophyceae and Xanthophvceae the majority 
of the species known at the present day are possessed of firm cell-walls 
in the ordinary vegetative condition and altogether show an “algal” 
construction. A considerable number of the forms belonging to the 
Chrysophyceae, however, possess naked protoplasts and are essen¬ 
tially “flagellate” in organisation. Until relatively recent times, in 
fact, the Chrysophyceae comprised only a wealth of flagellate tvpes, 
the Chrysomonadineae, but thanks to the investigations of Pascher, 
ScherflFcl, Conrad and others it is now abundantly clear that these 
flagellate forms, just as in other classes, have advanced considerably 
in the direction of algal organisation. Moreover, ;he Chrysophyceae 
exhibit such a profound morphological parallelism with Chloro¬ 
phyceae and Xanthophyceae that it is no longer warranted to regard 
them as something distinct from other groups of Algae, the more as 
the class is essentially holophytic and many of its members indeed 
wholly dependent on this method of nutrition. As in the Xantho¬ 
phvceae sexual reproduction appears to be rare and never to be other 
than isogamous, an indication that, although highly evolved in some 
respects, the class has remained at a relatively low level in others. In 
one case(,3 5 ) it has been shown that the individuals are haploid, and 
this !s likely to be true of all the members of the class. 

1 he Chrysophyceae appear in the main to favour relatively pure 
waters and seem often to occur in greatest abundance in cold winter 
weather (45) or in the cold streams and pools of mountainous tracts (30) 
Many occur in freshwater plankton, tending to attain a maximum in 
the layers beneath the surface of the water. In the sea they are 
abundantly represented by the Coccolithophoridaceae, although other 
amihes seem not to be as widely represented as in fresh water (7.73.. * 8 ); 

olkwitz (58) however, records considerable numbers of naked 
^hrysomonadineae in Mediterranean plankton, and the Chryso- 
Pb\ceae may well be more abundant in the floating life of the sea 
tnan is at present apparent. Members of this class also appear to olay 

Thr S K P, i? OU r S P u rt i? L the " aterS ° f certain kinds of salt-marshes(, 7) . 
characterL 0f - he Chr > so P h >’ ceae lose nearly all their distinctive 
? - CS m P reservm g med *a and often become so altered that 
n TS impossible; attention should therefore be concentrated 
the investigation of living material. 
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The General Characteristics of the Class 

Like the Xanthophyceae the Chrysophyceae are characterised by the 
possession of chromatophores with a distinctive pigmentation, usually 
giving the individuals a golden-yellow or brown colour, although in 
waters rich in organic substance they often assume a green tint. The 
special coloration is in this case due to varying amounts of one or 
more accessory pigments (phycochrysin( 33 >) about which as yet little 
is known. 1 The chromatophores are parietal and usually few in 
number, often only one or two (cf. fig. 166 A, B); in the motile 
individuals they lie along the sides of the cell. In a number of cases 
(e.g. Chromulina , fig. 166 D; Chrysamoeba\ Hydrums , fig. 166 H; 
Mallomonaspyriformis, etc., cf. (18), (22), (26) p. 389, (29), (3s)) they have 
been found to contain naked pyrenoid-like bodies, while in Ochro- 
sphaera (13s) the pvrenoids are attached by short stalks to the inner 
faces of the chromatophores (fig. 166 C, I). 

True starch does not occur, although Pascher ((89) pp. 180, 194) 
records starch-like grains in a few cases. The products of photo¬ 
synthesis are, however, mostly stored as oil and as whitish, highly 
refractive, usually rounded lumps of leucosin ((56) p. 401) (fig. 166 
B, K, /) which constitute one of the marked characteristics of the class. 
In many cases the leucosin occurs as a prominent mass at the posterior 
end of the motile stages. The chemical composition of leucosin is 
unknown, although there is some probability that it is of the nature 
of a carbohydrate; it is readily soluble in most reagents and is not 
affected by iodine. According to Korschikoff ((61) p. 258) the leucosin- 
masses are vacuoles with very resistant walls enclosing a highly 
refractive substance. Contrary to most authorities he considers this 
to be of the nature of a protein, although no evidence for this view 
is given (cf. also (34) and p. 37). Apart from these inclusions, the 
protoplast of the Chrysophyceae, like that of the Xanthophyceae, is 
usually remarkably clear and free from granules. The cell-wall, when 
present, appears to consist largely of pectic substances (13s). 

All known Chrysophyceae are uninucleate. Relatively little informa¬ 
tion is available with reference to the structure of the nucleus, but it 
probably does not differ fundamentally from that of other Algae.. In 
the resting condition the outer nucleus seems usually to show distinct 
chromatin granules (fig. 166 E), although DocquierUs) records it as 
structureless in Anthophvsa . 2 There is a conspicuous caryosome 
(fig. 166 E, K). The chromosomes are generally rounded in form, 

1 According to Gaidukov(33) the chromatophores of Chromulina Rosanoffu 
contain three pigments, viz. phycochrysin soluble in water and causing the 
golden coloration, and chrysochlorophyll and chrysoxanthophyll; the last mo 
are soluble in alcohol and are believed to constitute modifications of the 

ordinarv chlorophyll and xanthophyll. 

2 Not yet certainly established as a member of the class (cf. p. 54 °I* 
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appearing as minute granules in Monas ( 81), while in RhizochrysisU 6) 
they are relatively large and often oval in shape (fig. 166 R). In 
Ochromonas granulans U7) they are stated to join to form a uniform 
ring at the equator of the intranuclear spindle, the ring splitting into 
two to supply the daughter-nuclei (fig. 167 0);a similar condition is 
reported in Ochrosphaerains). According to Doflein the spindle in 
Uchromonas granulans arises from the caryosome and, if I understand 
him rightly, he believes the same to be the case in Rhizochrysis. In the 

“K r !u rC ‘f 3 <; ons >derable lengthening of the spindle in the anaphase, 
vhde the poles broaden out and give rise to spherical bodies (fig. 166 S) 
which become enveloped by the rings of chromosomes, now losing 
thejr idennty. 1 he spherical poles of the spindle are believed to afford 

c^sosf^^oT. «). CentrOSOmCS haVe b ” n reC ° rd,;d in “ feW 

Another very distinctive feature of the class is constituted by the 

species W Th e h v T b< \ comin g known in more and more 

species. I hey are produced endogenously (fig. 166 J). In the pre- 

hminary stages of cyst-formation the protoplast usually becomes 

L p 1 b The m t hC i m0tl C f ° rmS commonl y losi "g flageUa (fig. 166 
an ™ The c y. to P la sm acquires a foamy consistency and there is often 

make t U h mU at, ° n ° f °‘ Ieucosin - Additional contractile vacuoles 

SSL? 166 M) ’ Whi,e a «*™nou. envelope of 

^ "fttei then y rmS arOUnd the P r0t °P la St (cf. fig. 168 F) 

not altogether clear, however, whether th s oneniL l M) * . ,S 

secondarily Subsennent »n ,1. t opening always arises 

impregnated with S and b «omea 

elaborate sculnturing which i, no H T' ° ften ^elops 

cytoplasm (cf. figs 168 G 180 C’i p U f ormed b y tbe external 

passes through the pore into th^' f ° f ,atter next usually 

Anally the && T *££ bv^'T" 8 - 

~ r ^1 'o L ' e 

kr fF d '^~ 

ascribed to the cysts bei„- „ f c y l °P las ™> but is also 

however, there is at present little eviden^ 1 ? 11 * F ° r the ,atter view * 

the observation that the young cysts sometimes’ 3>3 * ° ther than 

y *> c y sis sometimes contain two nuclei 

* See (a»>. (9„ f ( I10) p . 294> (laa) p 334j (j23) 
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which subsequently fuse(n6). In germination the plug is dissolved 
and the contents of the cyst usually divide to form a number of motile 
cells which escape through the pore (fig. 178 O, P). 

Pascher(99) draws attention to the fact that, when the periplast of 
the parent-individual is soft it is completely absorbed into the cyst, 
whilst when it is coarser it remains as an external envelope around the 
latter, either fitting closely (as in some species of Chrotnulina , fig. 166 N) 
or retaining more or less of its original shape so that the contained cyst 
is clearly distinguishable from it ( Mnllomomis , fig. 166 J; Synura). 

The wall of the mature cyst always consists of two pieces which are 
mostly ot very unequal size (fig. 166 Q), although in a few cases they 
are almost equal ((98) p. 243). In two palmelloid forms Pascher(io7) 
records special thick-walled cysts, strongly encrusted with iron-deposits 
and composed of two equal or unequal pieces (fig. 166 U, V). Since 
the cysts of Chrysophyceae contain chromatophores and leucosin, they 
are readily identified as belonging to members of this class, quite apart 
from the characteristic structure of the membrane. Many such cysts 
are indeed known which have not yet been assigned to definite forms. 

They have also been found in diatomaceous earths (49) and other fossil 
deposits (24 a ). 


According to Petersen 0 12, u 3 ) a further characteristic is to be found 
in the structure of the flagella. When two are present, one is beset 

3 who e leri 8 th w, * h fine cilia standing off at an acute angle, 1 

while the second is of quite a different nature (fig. 166 F G) When 
elongate (as in Synura fig. ,66 G), it consists of a thick basal part 
and a thinner whip-hke extension, whilst when short it betrays no 
special structure. The ciliated flagellum shows undulatory move- 


* According to Korschikoff( S 9) this 
it must imply a difference in structure 


is an artefact. Even if this is true, 
between the ttagella. 


stalked pvrenoids. D, Chromulina freiburgensis Dofl rhrnmafA u • 
K, Chromulina zartensis Dofl.. with two basal granules (6) below^he'rtagdlum' 

T r h ^J°l d J a « >■ Q- 

R, commencing anaphase; S, "uSophne T dlv f ion : 

meiosis in the zveote- on th** l,.f> * C tchrosphaera neapolitatui , 

CHalkopyti, tetrajporoides V’ V * 

h plug of cyst; /. leucosin; m, membrane of cyst • nuc ie U ^ m “ to P lK . ore ; 
^v.pyronoid; t-, contractile vacuole. (B after Klebs C I t V./' PCr ' pl&St ' 
D, E. K-M. R, S after Doflein • F G after pL-L * u* V 1 “ f, ? r Schwarz i 
Conrad; the rest after Pascher.) ’ n> H after Geitler; J after 
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ments, whilst the other lashes like a whip. Petersen suggests that the 
former causes the forward movement, while the latter is responsible 
for the rotation of the individual. In diverse cases the flagella have 
been shown to arise from special basal granules (figs. 166 K, 167 N, O) 
which are connected to the nucleus or to a centrosome (fig. 168* O) 
by a rhizoplast. 

The motile unicellular and colonial types are better represented 
in the Chrysophyceae than in any other group of the Algae and show 
even greater diversity than obtains among the Volvocales. In par¬ 
ticular there is considerable variation in the number and length of 
the flagella, and this is seen also in the reproductive cells of the 
advanced sedentary types. In conformity with the grouping adopted 
in the preceding classes we may distinguish the three orders Chryso- 
monadales, Chrysosphaerales, and Chrysotrichales, including the 
motile forms and their immediate derivatives, the coccoid types, and 
the filamentous types respectively. 


Order I. CHRYSOMONADALES 

Here we have to distinguish the normally motile Chrysomonadi- 
neae, the rhizopodial Rhizochrysidineae, and the palmelloid Chryso- 
capsineae, each of which is best considered separately. 


(a) THE MOTILE TYPE (CHRYSOMONADINEAE) 

Among the Chrysomonadineae we can recognise four series of 
forms differing in their flagellation, although agreeing in many other 
respects. These are: 

Chromulineae, with a single flagellum (fig. 167 A). 

Isochrysideae, with two equal flagella (fig. 169 A). 
Ochromonadeae, with two unequal flagella (fig. 167 L, M). 
Prymnesieae, with one short and two long flagella (fig. 170). 

The Unicellular Motile Forms 

It is unnecessary to take these series separately, and the following 
account deals with the Chrysomonadineae as a whole. The uni¬ 
cellular Chromulitia 1 is typical of the simpler Chromulineae (Chro- 
mulinaceae) and exhibits many of the characteristics of the class. The 
variously shaped cells (fig. 167 A-C) possess an apical flagellum whic 
is often much longer than the body. The individuals are naked and 
in the majority of cases possess a soft periplast so that at times they 

1 See (6 a), (13), 07 ), (22), (29), (30a), (86), (9«). 
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Hofeieder A C C C jS&SiTkU? 5 •" ind -iduals. B, C. Pauhri 

fenestrata PascherE C/Ti' d,v,s / 0n ^ I h ° loz °| c . nutr i t i° n . D. Chrysapsis 
Pascher, two- an^four-celled^rolon'^^M d, '! si ° n - F * G * C - «<*««« 

I. C. Rosanoffii (Woron ) BQtSh U r' ’ Wy . SSOt ? k \? bi “ lia “* (Wys.) Lemm. 
in cyst-formation; / miture cv^- <’ I* 8 *' 8 *?'* md,vidu “ l: - «wo stages 
spletidens Pascher- I viewfrnm^K 1 , germination. J, K, Pyramidochrysis 

Klebs; M, indi"dikl showir^/K f r,0r J"i h M - Ocbromonas mutabilis 
and late stages in nnrlwr metaboly. N, O, O. granulans Doflein, early 

l, leucosin; ti, nucleus - s stiomn' 0 "" baS ® 1 , granules; c, chromatophore; 
B after HofeAeder E ’a ier ffh contractile vacuole. (A after Scherffel; 

• f '" o—i N. 6 SMS;-.;: tlV.fXulT Woronin: L ’ M 
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exhibit abundant amoeboid change of shape (fig. 167 C); in some 
species, however, the periplast is firmer and then it commonly shows 
a verrucose surface (C. verrucosa Klebs, C. Pascheri , fig. 167 B), the 
warts being sometimes connected by a network of delicate ridges 
( C.pyrum Pascher). As in other motile unicells one or two contractile 
vacuoles ( v) are located at the front end and often there is a stigma (5). 
There are one or two (rarely more) large, well-defined, parietal 
chromatophores o. c a brownish colour, while a single mass of leucosin 
is usually lodged at the posterior end of the cell (fig. 166 B, /). 

Multiplication is effected by longitudinal division ((56) p. 410), 
either of the motile individual (fig. 167 C) or more usually after the 
latter has come to rest and become enveloped by mucilage (fig. 167 E), 
and in some species (e.g. C. Rosanojfii) extensive palmelloid stages 
may thus arise. In C. mucicola Lauterborn(67) and C. Pascheri 
Hofeneder ((17) p. 172, (s©)), numerous flagellated cells embedded in 
diffluent mucilage constitute the normal vegetative condition, swarming 
here only occurring in connection with reproduction (cf. Chlamydo- 
monas Kleinii, p. 94). Such forms lead over to the Chrysocapsineae 
(p 541). In a few species (e.g. C. Hokeana Pascher(8s)) there is a 
slight colonial tendency (fig. 167 F, G), the products of division 
remaining associated for a short time to form 2-8-celled motile 
colonies. 

The distinctive cysts are known for a considerable number of species, 
and Conrad (22) has advocated a classification into distinct genera based 
on the surface ornamentation of their membranes. In C. Rosanoffii 
(Chromophyton Rosanojfii Woron.(«47)), which not uncommonly occurs 
in aquaria, the cysts are formed in a very characteristic manner. The 
small individuals (fig. 167 I, /) come to rest at the water-level and a 
minute knob-like outgrowth is protruded (2) through the surface-film. 
This gradually enlarges ( 3) into a floating spherical cyst ( 4 ) containing 
almost the whole protoplasmic body, only a small stalk-like remnant 
remaining underneath. Since the concave chromatophore ( c ) reflects 
the light falling on the cysts, the latter when present in large numbers 
give a golden-brown sheen to the surface of the water( 7 v). A similar 
phenomenon has recently been recorded for another species (44). 

Other Chromulinaceae closely related to Chromulina are Chrysapsis 1 
in which the chromatophore is very variable, sometimes reticulate 
and commonly not clearly differentiated (fig. 167 D), and Pyrami o- 
chrysisw*) in which the firm periplast is produced into three, slight y 
twisted, longitudinal ridges so that the cells appear triangular when 

seen from the end (fig. 167 J, K). . 

Not all the Chromulineae, however, possess the simple structure 

just described. In the genus MicrogletiaU 9.86), for instance,_ the 
protoplast is provided with a firm envelope (fig. 168 A) m which, 

» See (i6), (.7), (86), (88), (130). 
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according to Conrad, one can distinguish a delicate inner smooth 
layer composed of cellulose (/') and an outer thicker layer of pectic 
substances (m), embedded in the surface of which are numerous 
minute lens-shaped masses of silica ( d ). In other words there is here 
a definite non-living cellular envelope (cf. however footnote 1 on 
p. 521), and this is probably true of all the Mallomonadaceae of which 
Microglena constitutes a relatively simple representative. A further 
indication of the higher differentiation of these forms is found in the 
complexity of the vacuolar apparatus. In Microglena (fig. 168 A, B) 
there is a large anterior non-contractile reservoir (r) opening to the 
exterior by a narrow canal at the apex of the cell, the firm membrane 
being interrupted at this point. Around this central reservoir are 
grouped a number (4-8) of much smaller contractile vacuoles (t>) 
which communicate with the former by delicate canals. By their 
pulsation excreta are poured into the reservoir and from there pass 
to the exterior. r 


In the widely distributed plankton-genus Mallomonas ,‘ in which 
the individuals are often of considerable size, numerous small 
imbricating circular or angular silicified scales (fig. 168 M) are 
deposited in the thin pectic envelope which is either hyaline or 
yellowish or brownish owing to impregnation with iron-salts. Some 
or all of the scales bear delicate hinged, likewise silicified needles 
(U17) p. 68) (fig. 168 I) which are sometimes hollow, are often of 
considerable length, and doubtless help to increase the floating 
capacity (fig 168 H, L-N). In the closely allied genus Pseudomallo- 
monas(o .«») the needles are lacking and the base of the Hagellum is 
surrounded by a definite collar, while in Conradiella (<„) p. 188 

fil’ envelope takes the form of annular silicified plates 

ing. ids K) which are presumed to have arisen by the fusion of 

harhm ^ 1,kc f thosc of Mallomonas. The cells of Mallomonas 
narbour a number of variously distributed contractile vacuoles, whilst 

contr^fi| SPeC ' eS the y are aggregated round a large anterior non- 

or commn r erVO, , r ( g ; 168 H> r) * US in Micr »gl*"a. There are one 
and c^nT * 3t . era chr °matophores (c), whilst the often large 

(fig 168 0 CU ^ US Th UC fl eUS ?, S 3 genCral rU,C OCCU P ies a central position 

Dlfst Uh\?„'•!$' rhe flageI,um ,s connected by a well-marked rhizo- 
P n}i lth a centrosome ( ce ) located near the nucleus (fig. 168 O) 

shows nairh^K ^ chromonadaceae ), 2 among the Ochromonadeae, 

duction a , rt he Sa / me T' C ° f d,ffcrenliation and methods of repro- 

flageHa onf fr l ™' tHe Chief difference bein g the Presence of two 

L MP r n f four . to s,x t,mes the length of the other (fig. 167 
’ ‘ many species the flagella arise from an emargination of 

> ' 86 >’ <»'>■ ■ See te>, ( I7) . (86)j (01) . 

have been observed " hiCh rarc an ’ on B Chrysophycese. 



Fig. 168. Mallomonadaceae. A, Microglena punctifera Ehrenb., somewhat 
diagrammatic. B, E-G, M. ovum Conrad; E, F. stages in encystment; 
G, mature cyst. C, D, M. cordiformis Conrad, division. H, Mallomonas 
Helvetica Pascher. 1 I, M. elongata Reverd., insertion of needles on scales. 

1 The flagellum is actually nearly twice as long. 
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the front end which not uncommonly is more or less obliquely 
truncate, with a tendency for the dorsal edge to be specially protruded. 
The resemblance between several of the less specialised species of 
Chromulina and Ochromonas is so marked as to indicate that not too 
much stress should be laid on the number of flagella in this class. 
O. sociata Pascher(8s), like Chromulina Hokeana , may temporarily 
form small colonies of 2—4 individuals embedded in mucilage. 

Among the forma with two equal flagella (Isochrysideae) the simple 
unspecialised type comparable to Chromulina and Ochromonas is 
poorly represented, and none of the organisms that possibly belong 
here are well known. Wyssotzkia (fig. 167 H), originally described as 
a species of Ochromonas (.48)* and regarded by some as a member of 
the Cryptophyceae, possesses cells with an obliquely truncated front 
end and two lateral chromatophores. According to Conrad (.7) the 
individuals show marked metaboly and may become altogether 
amoeboid with loss of flagella; at such times holozoic nutrition may 
be observed. Reproduction takes place by division of non-motile 
cells m a palmello.d stage. Schiller's ChryMaliu,,,) may be another 
simple member of this series. 

Very widely distributed are the biflagellate Coccolithophoridaceae* 

MaHo eXh, ^ t 3 m ° re adva " c L ed construction, analogous to that of the 
Mallomonadaceae among Chromulineae. The bulk of the members 

sea all ^wnrlH y ™ rme - occurrin g in large numbers in the 
sea all the wor d over, although probably most abundant in the 

known!’ LattC i rly ?“' te a number of freshwater forms have become 

Wh ‘ S the / enu L s Hymenomonas 3 described long ago 

Hv^Znmnr Tfi “ be,on S in g here. The individuals of 

(fig.,169 B, c). The vacuolar apparatus is anterior and similar to that 
Lf. Lemmemann, Forschutigsber. Biol. Slat Plan 7 Inr o 

»Is S: £!: sa <-• <»>■ <■- - 


JLS cf Conrad - L ' M °"°- 

Plast from envelope. N, M litomes anioeb oid proto- 

chromatica Conrad; O. O, P. M. a po- 

, chromatophore; ce, centrosome- d Ja^ i ° f nuc,eus and flagellum. 
. flagellum; *, inner layer of wall -’ / ’le„r,W SCa es; e ‘ mucilage-envelope; 
membrane of cyst; nucleus o oil’ T 1 ° Uler layer nf wa ll; *»«. 
Plast; s stigma; contract^ vacuolf* ?I°afteMReve r ?. serv °' r * rhizo- 
L after Lemmermann; the rest after Conrad.) Reverd,n ; J after bmith; 
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Fig. i 6 9 : Coccolithophoridaceae. A, B, Hymenomonas roseola Stem, 
A without and B with the coccoliths (c). C, Pontosphaera mgm’SchM. 
D-F, L, P. Huxleyi Lohm.; E, F, stages m division of 
Acanthoica Schilleri Conrad. H, Syracosphaera subsalsa (Conrad) K 
I, Calyptrosphaera oblonga Lohm., division, the smaller pr p 
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of Microglena (fig. 169 A) and in other respects also the individuals 
recall the structure of the Chrysomonadineae already considered. 

A considerable number of motile Coccolithophoridaceae are known, 
all with two equal flagella and chiefly differing among one another in 
the characters of the envelope. The latter varies greatly in thickness 
and is always gelatinous at first, although in many cases apparently 
undergoing calcification in later stages. The coccoliths are usually 
embedded in the surface of this envelope (fig. 169 B, D, L), to become 
rigidly united when the mucilage calcifies in the older individuals. 
In what Schiller(137) regards as the most advanced types (e.g. Haplo- 
pappus) the protoplast is enveloped in a thin homogeneous envelope 
of lime which he considers to be homologous with the entire group of 
coccoliths found in the less specialised species. 

There are two principal types of coccoliths, those without and those 
with a central perforation. They are often produced into processes on 
the outer surface (fig. 169 C, H). Whilst in a considerable number of 
torms the coccoliths are of a uniform type, there are several species in 

at the anterior end ( fi K- 1 69 G) or in the median part of 
tne body bear more or less marked spine-like processes which no doubt 
usually aid in flotation. Among the more remarkable forms are 
cyphosphaera where the coccoliths over an annular zone are developed 
™ g° b et-shaped structures with the opening facing outwards, 

1 horosphaera(Si) where they have the form of narrow projecting 
S k- u e "' c J occol,ths are successively formed internal to the old 
H ^ ™ ,ch gradually drop off. They are common objects in marine 
aeposits past and present( 74 . 8 oa., 3 8 ) and are found ever since early 

times(,,5) - Certain of the marine genera ( Rhabdosphaera , 

beYncfn^T- "l deVO ‘ d ° f flageI,a and shou,d therefore really 

be included in the Chrysosphaerales (p. 548). 

wi l he Mallomonadaceae and Coccolithophoridaceae are parallel series 
n h, „ , S r m c ar Structure ' but differing in their flagellation and 
SchussnioT of , the ™ ter ial secreted at the surface of their envelopes, 
under,h? descnbed a coccoid form (sometimes an epiphyte) 

cnveTooe h T C °* ° chro ^' a <%■ '<>9 O) which likewj has an 

renrmW K bOUr ' ng carbona ‘ e of l™e. This organism, however, 
reproduces by swarmers of the Ochromonas-type (fig. ,69 N). so thai 


J. h formation*^'/. ft* enve,ope - I' M . Syracosphaeru medilerrttnea Lohm.; 
Schussnig' N (Bametes?). N-P, Ochrosphaera neapolilana 

Coccol.Z;£iJ™%i a •'» CC “ : P i V ' R ''* ,iv ' Ptopaaation. R. S, 
layer of envelope- c rnrmi'r^ R ’ P roto P ,ast > external view, b, surface 

mucilage-layer of’wku » n,,H : *’ ^ ayer ° f wal,; A ,eucosin : 

tractile vacuole. (A b’g’ H after r*' chro ™ at °P h 5 >re : r . reset voir; v, con- 
Schwarz; O after Schussnie • RJ C°nrad ;L. M after Lohmann; N, P after 

ussnig, R, S after Lebour; the rest after Schiller.) 
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it appears that forms with a complex envelope have arisen in all three 
series of motile unicells. 

Of the fourth series of Chrysomonadineae, Prymnesiumi 17.76) is 
at present the only representative. The elongate ellipsoidal cells show 
a slight oblique truncation of the anterior end where the flagella arise 
(fig. 170 A). The short flagellum is straight and directed forwards and, 
according to Massart, serves solely for fixation (fig. 170 B, C), while 
the two longer ones are concerned in the movements. The latter consist 
of a series of forward and backward jerky progressions, often inter¬ 
rupted by periods of rest (cf. fig. 170 E). For the rest the cell-structure 
is like that of Chromulina or Ochromonas. 



Fig. 170. Prymnesium saltans Massart (all after Massart from Conrad). 
A, cell swimming freely, side-view; B, cell attached to a solid body, front 
view; C, the same, side-view; D, palmelloid stage; E, path of an individual. 
/, lcucosin; n, nucleus; p, chromatophore; v, contractile vacuole. 


The ordinary motile unicell among Chrysomonadineae thus ex¬ 
hibits two stages of differentiation, both of which are not necessarily 
developed in all four series. We have on the one hand the naked 
type with a simple vacuolar apparatus ( Chromulina , Ochromonas, 
Wyssolzkia (?), Prymnesium), on the other hand the type with a well- 
developed envelope and a complex vacuolar apparatus (Mallo- 
monadaceae, Coccolithophoridaceae); according to Pascher ((89) 
p. 186) the forms belonging to the second type are also distinguished 
by possessing a more complex nuclear structure. It is essentially t e 
simpler type of organisation that reappears in the numerous special 
developments exhibited by the Chrysomonadineae which will be 
briefly considered below (p. 523). 
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The reproduction of the simpler Chrysomonadineae has already 
been referred to in the preceding matter, taking place by longitudinal 
division of the motile or stationary individual, while the cysts con¬ 
stitute the resting condition. The reproduction of the more highly 
differentiated forms is imperfectly known, but shows certain special 
features. That of Mallomonadaceae probably customarily takes place 
by longitudinal division (fig. 168 D, P). In the case of Microglena 
cordiformis ((19) p. 428), where the individuals divide after losing their 
flagellum (fig. 168 C), each daughter appears to receive part of the 
envelope of the parent and to form a new envelope along the plane of 
division. 1 Whether this is generally true for the whole family is not 
known. Of special interest are those cases where the protoplast 
escapes from its envelope as an amoeba or as a Chromulina -1 ike 


swarmer, as has been recorded by Conrad (15) in a species of Mallo- 
vionas (cf. fig. 168 M); in M. akrokomos , according to Schillertno), 
this happens after division, one or both of the daughter-individuals 
leaving the parent-envelope. Cysts are commonly ^een in Mallo¬ 
monadaceae (cf. figs. 166 J, 168 E-G, N). 

The reproduction of the Coccolithophoridaceae has been investi¬ 
gated by Schiller(i2 7 .«J9) and Kamptner<54<.). In the freshwater forms 
Hymenomonas and Pontosphaera 2 stagnicola (12) direct division of the 
whole ceU occurs, either in the motile condition or after withdrawal 
of the flagella. At an early stage both the envelope and the protoplast 
become constricted at the anterior and posterior ends, but it is only 
after the protoplast is completely divided into two halves that the 
constriction m the envelope gradually deepens and separates the two 
ndividuals. This is much as in Microglena , but does not appear to be 

Ihnrt 0r I?^ met f hod ,n . t} ] e marine forms, although the occurrence of 
short chains of 2-4 individuals in Coccolithus ( Coccolithophora ) is 

findf tSr CXCept 3 r , eSU ! t ° f SUch division - Schiller, however, 
nvfY hat .| aS a general rule the protoplast, after withdrawal of the 

Sher!f d *5 and after unde ^ oin g more or less marked contraction, 

u 'o e qoal parts (fig. 169 E, F) which are liberated 
as naked swarmers through the widened flagellar aperture of the 

remain^ 1 iS ““N i6 9 0 the larger protoplast 

remaining within the parent-envelope which it gradually fills whilst 

‘■’KStoSST a K aked “ ual (cf - 'vith^/JoT kbo«) 

of ce^in . erved 3 repeated division of the protoplast 

whSTh? md,v,duals ,nto as many as sixteen swarmers (fig. 169 J) 
hich he regards as gametes, although fusion has not bfen seen 

int ^ di ' ision ly admits of 

1 Kamptner(54) includes this genus in Hymenomonas. 
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Fig. 171. l*he encapsuled Chrvsomonadineae. A. B, Chrytocoicc f - 

Klebs; B, reproduction. C. C. dokidophorus Pascher 

stenmtoma Lauterb.; D, side-view of individual on thread S ’ 

showing the annular mucilage-thread (u) and the a P ,cal f (c). 

F, detached individual showing the saddle-like »hf P« ° f ** 0 l* t Z Jto 
G I-L C. Awn# Fauterb.; G, division, one half of protoplast about 
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(cf. Dtnobryon, p. 530). Cysts have not so far been found in the marine 
Coccolithophoridaceae, although Conrad ((17) p. 200) has recorded 
their formation in Coccochrysis. Schiller’s ((132) p. 210) contention 
that the production of cysts is improbable appears unreasonable. 
Kamptner(s4‘>) suggests that the dormant stages are ordinary in¬ 
dividuals devoid of flagella. 

In the coccoid type Ochrosphaera Schwarz (13s) records the forma¬ 
tion of gametes, altogether resembling the zoospores except in the 
frequent presence of eye-spots. The same observer was able to 
establish the occurrence of reduction during the two nuclear divisions 
that follow almost immediately on sexual fusion and lead to the 
formation of four new individuals (cf. fig. 166 T, p. 510). This is the 
first fully authenticated case of sexual fusion with subsequent 
reduction in the Chrysophyceae. It should be noted that the zygote 
does not give rise to a cyst (cf. p. 509). 


Encapsuled and Epiphytic Types 

The encapsuled type (cf. p. 13) is well represented, 4 although the 
majority of the forms involved are epiphytes. Chrysococcus Is6 .86), 
however, has free-moving individuals with the structure of a Chromu- 
hna; the protoplast is enclosed within a spherical or ovoid, smooth 

senaraLdlr, ^ Y ® ma ™ntcd (fig. 171 C,. rigid envelope 

separated from the protoplast by a slight space and possessing a 

narrow apical aperture for the protrusion of the often long flagellum- 

t is somL SPeC,eS i th fi e ^ el0pe ,S co,oured brown by iron-salts and 
t is sometim^ sil.c.fied ((,7) p. 176). Multiplication is effected by 

longitudinal division of the protoplast, one daughter-individual 

" hilst ,he ° tL 

rhe epiphytic encapsuled type is met with in all series exceot 

rwT eae i’ b T g re P resented b y such widespread ge’nera as 
Chrysopyxis' with a single flagellum (fie 17, G\ /W* 2 • . 

two equal flagella (fie 171 H 7 xls Wlth 

B K g- 171 ri, IN), and the species of Ditwbryon of 

1 See ( 32 ), ( S I), (6 9 ), (91), (i,,^ (, 39) 

See (S3), (86), (140), (144). 


““4“/. "u£,^ h , e — — 

Lemm.; O. s,a K e in dS^ 

e. envelope;/, flagellum; /, leucosin t> thrombi K h ® two P ro «°Plasts. 
v, contractile vacuole. (A, U after Klcbf’CaftZTr' r, „ rh,zo P°dium; 

;■ IwanoiT; H af,„ S,„Lt 'M . " ; °' F » f ‘" FriBch; 

Pascher.) » 1 u,ter Lcmmemiann; N-P after 
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the section Epipyxis (fig. 171 M) with two unequal flagella. In these 
the protoplasts do not usually fill the envelope and have a soft 
periplast admitting of a certain degree of metaboly as well as ofholozoic 
nutrition. In Derepyxis there is often a septum across the lower 
part of the envelope, the protoplast then occupying the upper 
chamber; in this genus, too, the protoplast frequently appears 
suspended by a system of fine anastomosing lamellae whose nature 
is unknown (fig. 171 N, O). The envelopes are of very diverse shape 
and mostly possess a wide aperture through which the flagella 
project; the movements of the latter probably serve to waft food- 
particles towards the protoplast. Occasionally, however, the flagella 
are replaced by a branched rhizopodium (fig. 171 D, E, I, r) with the 
help of which small solid particles are ingested (69,111). Pascher’s 
Lagynion (90,105) comprises a number of forms which appear per¬ 
manently to have adopted this habit and in which flagellate stages are 


at present unknown. 

The mode of attachment to the substratum (usually a filamentous 
alga) varies and is especially striking in Chrysopyxis , where the lower 
end of the envelope is saddle-shaped (fig. 171 F) and the corners 
are produced into a ring-shaped mucilage-thread which encircles the 
algal filaments upon which this epiphyte is found (cf. fig. 171 D, I). 
Direct motility in all these epiphytic types is only resorted to in 
connection with reproduction which is effected in the same way as 
in Chrysococcus (fig. 171 G, P), one half of the protoplast remaining 
within the parent-envelope, while the other escapes through the 
aperture as a naked swarmer. In Chrysopyxis (s*) the swarmer becomes 
attached to the substratum by the posterior end, while retaining t e 
flagellum (fig. 171 J, K); it then gradually passes round the algal 
filament, meanwhile secreting the encircling thread of mucilage, ana 
it is only when it has returned to its starting-point that the production 
of the envelope commences (fig. 171 L). The formation o e 
envelope in Dinobryon is dealt with on p. 53 °* 


Colonial Forms 1 

Colonial Chrysomonadineae, several of which at times occur m 
great abundance, are known in all series except the Prymnesieae^ 

They appear to be almost confined to freshwater. J*™***%£ m 
colonies are more or less spherical, as m ChrysosphaereUa Mallo 
monadaceae, fig. 172 A), Syncrypta (Isochrys.daceae, fig. 

Synura (fig. 172 F) and Skadovskiella (Synuraceae, fig -7 >» fi 

Uroglena (Ochromonadaceae); m Chlorodesmus ( y 

1 see also the “double” individuals described on p. 15. 




l/ Ute $r ^tX^rrEtTnb C ’ E /o ^ ina 

Korschik.; C, siliceous rings from env^'lo^ * ^ S * adovsk,ell “ tphagnicola 
colony about to divide F 8 <? i / PPl P' S y mura Uvella Ehrenb. 

P* H- escape of plolopiast'frtn F ' S' 1 ’ K ‘ * 

J. Chlorodesmus hispid ns Philipps c chr<fmnt ‘ S l '' armcr * K * P alr >ielloid stage. 
S. cup in which needle is Vns CI ?ed Jin A W P * 1 ** envclo P® Hagellum ; 
vacuole (A after Laute^orn B D IfL ‘S' ' V ' ^nictile 

aftCr Conrad * J after Philipps; the rest after P^cherJ Korschikoff : 
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1 7 2 J). Cyclonexis (fig. 173 B), and Chrysobotrys (Ochromonadaceae, 
fig- *73 F)> on the other hand, other forms of colonies occur. Among 
the Ochromonadeae colonies with a dendroid habit are common 
(cf. p. 529). 

The only colonial form with uniflagellate individuals is Lauterborn’s 
Chrysosphaerella ((66) p. 381), in which a number of cells are com¬ 
pactly grouped within a spherical mucilage-envelope (e) in which 
numerous small siliceous scales are embedded (fig. 172 A). The cells 
have a sharply differentiated envelope, two lateral chromatophores (c), 
and a number of vacuoles. At the front end of each individual the 
cellular envelope bears two little cups (^), disposed symmetrically on 
either side of the elongate flagellum (/). From the centre of each cup, 
and readily movable within it, there arises a single, long, hollow, 
siliceous needle («), minutely bidentate at its apex. There are many 
points about this rare form that are still obscure. 

More numerous colonial types are found among the Isochrysideae 
and in one of these, Syncrypta( 86,121.139), the individuals exhibit the 
simple type of organisation which is poorly represented among the 
unicellular forms of this series. S. Volvox (fig. 172 B) is widespread 
in standing waters, though usually not abundant. As in Chryso¬ 
sphaerella the obovoid cells are closely fitted together by their more 
pointed posterior ends, the whole group being surrounded by a wide 
mucilage-envelope ( e ) which appears granular owing to the presence 
of numerous minute rods of unknown nature. Bidder (3) records a 
doubtful species of this genus as an endophyte in sponges. 

Among the Isochrysideae with more complex cell-structure, 
Synura Uvella 1 is a very widely distributed colonial form. The 
colonies, which are here usually devoid of enveloping mucilage, are 
composed of a very varied number of obovoid or ellipsoid cells, 
united by their more or less prolonged posterior ends (fig. 172 D). 
The cellular envelopes vary both in thickness and in ornamentation, 
being generally covered with short bristles, although sometimes 
vcrrucose or reticulate (4). According to Conrad ((17) p- 206) the 
envelopes are composed largely of pectic substances and are a ways 
more or less impregnated with silica (cf. also (112)). A second species, 
S. Adamsii(17.137) (fig. 172 F), has narrower and more elongate cells, 

but otherwise shows similar characters. 


In Synura the two chromatophores are parietal, but in Korsc 1 
Skadovskiella (60) they are lodged in the middle of the f 

presence of a large lump of leucosin between each and e 
the protoplast (fig. 172 E). In this form, moreover, the periplasms 
covered with numerous siliceous bodies shaped like y 

forming a compact armour (fig. 17 2 C). 


1 See (16), (22), (61), (86), (xi2), (139). 
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A somewhat different type of colony is seen in the rare Chlorodesmus 
hispidiisdi 4) in which wedge-shaped cells, with a structure like that 
of Synura, are joined by their broader posterior ends to form band¬ 
shaped colonies in which the individuals are arranged in two rows 
(fig. 172 J). It is probable that the cells are connected by mucilage, 
since at certain times the colonies exhibit a rhythmic contraction and 
expansion, the contracted colony being only one-fifth the length of 
the expanded one. Conrad ((14), 06 ) p. 175) has described somewhat 
similar colonies in Synura (cf. also (146)). 

The Ochromonas -type of individual has undergone a colonial 
development in several distinct directions. In Uroglena 1 (from which 
Uroglenopsis judging by Troitzkaja’s investigations (.43) cannot be 
distinguished) the cells are grouped at the periphery of a spherical 
or ellipsoidal mass of mucus. The individual cells are connected by 
a system of thread-like, forking mucilage-strands emanating from the 
centre of the colony (fig. 173 A); to these the cells (fig. 173 C) are 
attached by their pointed posterior ends. It appears that at times the 
mucilage-strands are not discernible. Biittnert?) has described a 
marine species of Uroglena. 

Quite different are the colonies of Cyclonexis (. 4 «) (fig. 173 B) which 
consist of 10-20 narrow, wedge-shaped cells, bearing the two unequal 
flagella at the pointed anterior end and compactly arranged in one 
plane to form a circular plate with a small central space; the young 
colonies are somewhat funnel-shaped. Conrad’s Chrvsobotrys ( ( , 7 ) 
p. 216), again, has colonies resembling a loose Spondylomorum 


Compared with those of Chlamydomonadineae, the colonies of 
Chrysomonadineae show a less marked individuality. The movement 
is irregular, there being no definite anterior end, and the method of 
reproduction is altogether different, being effected bv fission of the 
mature colonies (cf. figs. 172 D, 173 A) in those cases where it h is 
been observed Moreover, the number of individuals in the colonies 
is apparently always inconstant, since multiplication by longitudinal 
division of the cells may go on continuously, and no coenoblal tyoes 
have been evolved in this class. In Synura Pascher (<s 0 ) n 
records a propagation by naked swarmers (fig. i ?2 G HWhfch 
escape from the bristly envelope: according to him rh.Il ' h 

!ff g th 72 ^ CXhlbit 3 sir ^P ,ification of the vacuolar system ThisreulVn 
of the swarmers to a simpler type of organisation il f V n / turn 

phylogenetic importance that'appears ^to occur also in nlhlr ^M C 

organised Chrysomonadineae (cf Coccolithonhm- t ^ 

Uroglena Schiller^, likewise desctibZ J iSSIT S' 52l) ' In 
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Fig. 173. Colonial Ochromonadeae. A, C, E, Uroglena Volvox Ehrenb.; 
A, colony about to divide; C, single individual; E, cyst. B. Cyclonexis 
annularis Stokes. D, Ochromonas sp., a number of individuals attached by 
the pseudopodial posterior end. F, Chrysobotrys Spondylomorum Conrad. 
G—I, Chrysodendron rantosum Pascher; G, detached individual; H, three- 
celled colony; I, division in a one-celled colony. J, Diceras Chodati Reverd. 
c t chromatophore. (A after Zacharias; C, E after Iwanoff; F after Conrad; 
J after Reverdin; the rest after Pascher.) 



DENDROID COLONIAL FORMS 


529 

are known in Synuraun and UroglenaisD (fig. 173 E). Those of the 
latter have a long tubular process on one side. 1 

The Dendroid Type of Colony 

The dendroid type of colony is most markedly developed among 
Ochromonadeae. with Pascher’s ChrysodendronUoz) as the simplest 
representative. Several species of Ochromonas show a marked tendency 
to attach themselves by a pseudopodium-like prolongation of the 
posterior end to some substratum (fig. 173 D). This is a purely 
passing state and is not accompanied by loss of the flagella. Chryso- 
dendron{ hg. 173 H) is no doubt a further development of this tendency 
in which the flagellated cells are seated singly at the ends of a forked 
system of very delicate and elongate, colourless, elastic stalks. The 

end of n e (hg ' I7 , 3 G) ShoW the obli ^ ue, y emarginate anterior 
end of an Ochromonas (p. 517), but this feature is emphasised by the 

prolongation of the dorsal margin on the side adjacent to the short 

?X Um H J \ P ° Ster, ° r e ” d of the Protoplast is pointed and passes 
rather suddenly mto the thin stalk. The individuals readily become 

e ached from the latter and swarm away (fig. 173 G). The cells may 
multiply m situ by longitudinal division (fig. 173 I) after which each 
daughter-protoplast secretes a new stalk at its base, so that thit of the 
parent appears to have forked into two. 

The genus Dinobryon 2 includes a large niimhpr of r.o„ ^1 • . 

motite *° A^ertaUi n* ep T hy,eS (cf ; P 5 ^ 3 ) whilst others are free'ly 

B C whirhJ n “™ber, however, form dendroid colonies (fig , 7 I 

a few 5 ^. 7 . .g b ^r ( S)t^ 

waters; most,if no, all, of these are probablyfmsWte? form's", hT 

= u ,art *£££ 

Ochromonas (fig. i 7 , Thev^r#* a an d strongly resemble an 

W i /4 A). I hey are drawn out at the posterior end 

quite unlike thoSTf’jJhw Chroophvcw bpSibf* k 0 "" 31 ' ** ,hey are 
parasite. pnjceae. Possibly they are stages of a 

j “? ee < s6 >. (6a), (9i), (136), (i 39) . 

^4 " b" p ^! n so t0 ?ar C oT bel ° ngs to this affinity is Reverdin s 

mdoudua 1 is lodged in an ovoid enveTopewith^! the | . L T lke of Geneva. The 

which the two flagella at times project (fig 17^ D TK ,atCrB ,! ° rifice through 

to , C u er u end ,nto ,on « Pointed processes one of IX* * nvelo P e is Produced 
to the other. H messes, one of which stands at an angle 
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into a short contractile thread (t) which is attached a little to one 
side of the base of the envelope. By means of this thread the cells 
are not only able to withdraw somewhat into the envelope, but can 
also travel along its side until they reach the aperture (fig. i 74 J) 
The hyaline apex of the protoplast is, as in Chrysodendron, especially 
amoeboid and hollowed out to form a kind of cytostome through 
which solid panicles can be ingested. 

Multiplication is effected as usual by longitudinal division, one 
daughter-individual (sometimes smaller than the other, (129) p. 336) 
in the non-colonial types escaping as an Ochromonas- like swarmer 
which sooner or later forms a new envelope (cf. Chrysopyxis, etc.). 
In the colonial types one or both daughter-individuals effect a lodge¬ 
ment at the inner edge 1 of the rim of the parent-envelope (fig. 174 J) 
and there secrete a new one (fig. 174 L, M). In this way variouslv 
branched aggregates are produced (fig. 174 B, G). The protoplasts 
may also occasionally escape as swarmers without previous division. 

In the formation of the envelope ((56) p. 399, (62) p. 301) a small 
funnel-shaped piece first arises at the base and thereupon the proto¬ 
plast rotates on its axis, following a spiral course, and slowly secretes 
the remainder of the envelope. When the latter is complete the 
protoplast withdraws to the base. According to PascherfoS) the 
envelope is composed of successive thimble-shaped segments which 
are fitted into one another and are clearly recognisable in certain 
species (e.g. D. L tnculus) after boiling with potash and staining with 
Congo red (cf. fig. 174 F). In the closely allied epiphyte Hyalobryon , 2 
one of whose species forms similar dendroid colonies, the projecting 
ends of these segments are visible without further treatment (fig. 174 
C, H, I, N). According to Pascher a similar structure of the envelope 
is recognisable in Chrysopyxis and will probably be found in the 
envelopes of all the encapsuled Chrysomonadales. 

Schiller (129) has reported the fusion of swarmers (isogametes) 
produced by longitudinal division and liberation of the protoplasts 
of Dinubryon Sertularia (fig. 174 O-R). The zygotes soon lose their 
flagella and sink to the bottom. This is so far the only record of sexual 
reproduction among motile Chrysophyceae. In many species of 
Dinobryon the cysts are formed just outside the aperture of the 
envelope within a special spherical membrane (fig. 174 D, E). The 
cysts are provided with a short projecting process, not so marked as 
in the case of Uroglena. 

Dendroid colonies are also found among the Chromulineae in 

1 On the outer edge in D. coalescem (cf. (128) p. 61), as well as in Hyalobryon 
ramosum. Gessner( 43 <») regards this as an earlier step in colony-formation 
among these forms than the cases in which the daughter-individuals are 
attached within the parent-envelope. 

* See (43), ( 66 ), ( 86 ), (111). 
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Fig. 174. Dtnobryon and Hyalobryon. A, B E I-M O-R n . „ 

lana Ehrenb.; A, single cell • B colon v P V V D,nobr yon Sertu - 

J-M. formation of new eAvelooe ’ r " y W 'S Cnc >’ s,ed individuals; 
swarmers; P. swarm" SSfuThK ?' two 

ramozum Lauterb., single cell. D Dirtob 'rxnn j san J e - C, Hyalobryon 

Lemm., encysted individual.’ F.Z). UtricuIt^St^in^ Imhof . var - divergent 
G, Z>. cylindricum var. /,«/,„*•* Lcmm rZ. »’ d'sorganising envelope. 
(Lemm.) Pascher; N, envelope I H Vn' r : hyalobryon mucicola 

r envelope ; p, ch^mamphmeT, «mn.SflreT m - “""“P'' <*»« I 

(A, J-M after Klebs; B, G I after I h d> v, contractile vacuole. 

D, E after West; F afer PaKherHaSr^" 1 £ a * er ^uterborn; 
after Schiller.) rasener, H after Bachmann; N after Smith; O-R 
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A«w«wtata Wyssotzki ((.7) p. 180, (,48)), belonging to the 
J,- y rto P h ° raceae - T his family comprises a number of highly 

stmrnmt ePiP . hyte 1’ the 1I ma J' orit y of "hich are attached to the sub- 
COntraCt ' ,e / taIk l S (cf ‘ fi g- J 75 E). The cells of Pedinella are 
ovo ld and are provided with six slight longitudinal prominences which 
are occupied by as many parietal chromatophores (fig. 175 A, C) The 
anterior end, as in all Cyrtophoraceae, ,s highly metabolic md bears 
the long flagellum (/) centrally, while the margin is produced into a 
ring of short tooth-like rhizopodia (axopodia) by means of which 

f™? C nu * nt, ? n . ,s carr,ed on - fn Cyrtophora (87), in which the 
formation of colonies is not yet recorded, the rhizopodia are much 
longer than the flagellum (fig. 175 G), whilst in the third genus 
ralatxnellaifX) the latter is exceptionally short. 

Th f rhizopodia in these forms are composed of an axial rod sur¬ 
rounded by a thin layer of streaming cytoplasm (fig. 175 D) and can 
under certain circumstances be withdrawn. According to Pascher 
((97) p. 16) small particles are not only taken up by the peripheral 
cytoplasm of these structures, but collectively they may act as a trap 
for larger particles; when such are retained, the rhizopodia are stated 
to curve inwards and to thrust the object among the pscudopodia 
formed by the anterior extremity of the protoplast (fig. 175 F). 

The individuals of Pedinella are attached by elongate delicate stalks, 
apparently similar to those of Chrysodendron ; if the cells divide in situ, 
each daughter-protoplast secretes a new stalk (fig. 175 B), so that a 
forked colony originates. Conrad (17) describes how reproduction is 
effected by detachment of the cells which in some cases carry with them 
part of the underlying stalk attached to their posterior end. 


The dendroid habit among Chrysomonadales is not as specialised 
a condition as in the Volvocales, and for that reason has not been 
considered as a separate series. In all cases the individuals are pro¬ 
vided with their full motile equipment, and in the Dinobryons the 
whole colony is in fact free-swimming. But even in sedentary types, 
like Chrysodendron and Pedinella, resort to the motile stage merely 
requires detachment of the cell. These features are in conformity 
with the dominance of the flagellate habit among the Chrysophyceae. 


(6) THE RHIZOPODIAL AND AMOEBOID TYPES 

(RHIZOCHRYSIDINEAE) 

While the genera above discussed are all holophytic, holozoic nutrition 
is more or less frequently resorted to by many of them. Especially 
forms like Chromulina, Ochromonas, and Chrysodendron, with a soft 
periplast admitting of a ready protrusion of pseudopodia, have 
frequently been recorded as enveloping small food-particles within 
nutritive vacuoles from which the remnants are excreted after 
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digestion(102.121). A certain number of forms that are more highly 
equipped in this respect have already been noticed, viz. the species 
of Chrysopyxis (p. 524), in the sedentary individuals of which the 
nagellum is replaced by a branched rhizopodium (fig. 171 D, E)- 
Lagymon (p. 524) where this condition is permanent; and the 



A 8 colony : vS'- C~£r k ***™'*'* Wyssotz.; 

^~G, Cyrtophora pediceUata Paschei" r^nn?? Wed from anterior end. 

with contracted stalk; F cell envelope?! f “ rh,zopodiurn I E . individua! 

Podia; G. mature individual. TchrZtJ^T^ (a) with rhizo- 

/>. pseudopodium; r, rhizopodium. (A C afte^Coimd^R'T 1 ! / ' . leucosin '• 
the rest after Pascher.) ’ Conrad; B after Wyssotzki; 
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Cyrtophoraceae, with their characteristic rhizopodia, among whom 
a reduction of the flagellum is plainly evident. 

In the same way Chrysamoeba radians Klebs 1 may at one time 
appear as an ordinary Chromulina-\x\d'w\dm\ (fig. 176 A), at other 
times assume a completely rhizopodial habit (fig. 176 B) with loss 
of flagella (cf. Heterochloris, p. 471). Pascher ((97) p. 19) has described 
a similar case in a species of Ochromonas (cf. also his Brehmiella (103)). 
The same authority ((89) p. 158) has, moreover, shown that the 
swarmers of Synura may become amoeboid or may even be liberated 
as amoebae from the very first; such amoebae, further, in many cases 
subsequently develop into rhizopodial stages (fig. 176 C). Conrad (15) 
has similarly described the escape of amoeboid stages in Mallomonas 
(cf. p. 521 and fig. 168 M), whilst Haye (48) has recorded them in 
Dinobryon divergens (cf. also (97) p. 13). The assumption of the 
amoeboid or rhizopodial habits does not necessarily involve the 
adoption or the increased adoption of the holozoic method of nutrition, 
but in most cases no doubt the two go hand in hand. 

A considerable number of rhizopodial forms have, however, 
become known which are proved to belong to the Chrvsophyccae by 
the nature of their cell-contents, but appear to have lost the capacity 
of forming swarmers ; they cannot therefore be referred definitely to 
any one of the series of the Chrysomonadineae. These are the forms 
grouped by Pascher (91 ) as Rhizochrysidineae. A simple example of 
this type, showing many analogies with Chrysamoeba in its rhizopodial 
stages, is Rhizochrysis( 26.91), first described by Scherffel (120) as a 
Chrysamoeba. Here the individuals commonly occur in small aggre¬ 
gates and bear delicate, sometimes branched rhizopodia, but other¬ 
wise show all the typical characteristics of Chrysophyceae (fig. 176 D). 
R. crassipes Pascher has broad pseudopodia (fig. 176 G). 

Geitler ((40) p. 631) has described a marine rhizopodial organism 
Platychrysis, in which two flagella are always present, although 
apparently not normally functional. The cells of this organism (fig. 
176 I) are flattened with a concave under-surface from the middle of 
which the flagella arise; the latter are usually rolled up like a watch- 
spring (see the right-hand cell in fig. 176 I). 

In Lauterborn’s Chrysidiastrumiss. 9«) approximately spherical 
individuals with delicate radiating rhizopodia are united by coarse 
protoplasmic strands to form short chains (fig. 176 F), while Chrys- 
arachnion (95 ) consists of a one-layered network of more or less 
numerous (up to 200) individuals connected by delicate rhizopodia 
(fig. 176 E), which in this case are practically confined to the plane 
of the net (cf. Chlorachnion , p. 501). The nets can act like a cobwe 
and entrap unicellular organisms of moderate dimensions, ana 

1 See (28), (56) p. 406, (III); cf. also (117) p- 73 - 
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Pascher describes how such foreign bodies become gradually enclosed 
in a weft of rhizopodia produced not only from the individuals in the 
immediate vicinity, but even from those which are not in direct 
contact with the body. 

Pascher (93) has made us acquainted with a number of striking 
epiphytes belonging to this series. Lagynion (p. 524) should of course 
be included here. Chrysocnnus has a typical Chrysophycean proto- 
plast encased within a firm and thick envelope which has the shape 
of a depressed hemisphere and is attached by its flat surface to fresh¬ 
water filamentous Algae (fig. 177 M, N). The envelope (e) is impreg¬ 
nated with carbonate of lime and in older individuals is coloured 
yellow-brown by iron-salts. It is pierced by numerous fine pores (o) 
through which delicate rhizopodia (r), in part of considerable length 
and often branched, project radially (fig. 177 N); these serve to 
absorb Bacteria and other small organic particles. Multiplication is 
effected by division of the protoplast into two or four parts, prior to 
which the rhizopodia are often drawn in; the daughter-protoplasts 
escape through the pores and crawl about as amoebae from which 
no doubt the mature individuals are again produced. 

Rhizaster( 93) shows resemblances to the Cyrtophoraceae (p. 532). 
The individuals are contained within a close-fitting goblet-shaped 
cellulose envelope with a wide aperture and borne at the end of a long 
stalk (fig. 177 A). The protoplast is produced into a number of long 
horizontally extended rhizopodia (r), which are grouped around the 
amoeboid front end (fig. 177 B). Reproduction is effected as in other 
encapsuled types, one half protoplast remaining within the envelope, 
whilst the other crawls as an amoeba down the outer surface of the 
envelope and the stalk (fig. 177 D, E) till it reaches the substratum. 
This organism has also been observed to form typical cysts, produced 
as in Dinobryon in a special vesicle outside the aperture of the 
envelope (fig. 177 C). 

The cohesion of the individuals in Chr^'sidiastrum and Chrysarachrtion 
may perhaps be regarded as a preliminary step towards the completely 
plasmodial condition realised in Pascher’s Myxochrysis (96). In the 
normal condition this organism occurs as a multinucleate plasmodium 
(fig. 177 F, G) surrounded by a coarse envelope ( e ), coloured brown by 
ferric hydroxide. Within the protoplasm there are usually numerous 
small plate-shaped chromatophores (c), although some plasmodia are 
colourless; there are numerous contractile vacuoles (v), oil-drops, and 
leucosin-masses (/). Movement is effected by blunt pseudopodia and 
the organism exhibits both holophytic and holozoic nutrition. Fusion 
of plasmodia commonly occurs. At times the protoplasm becomes cleft 
into numerous portions which are uni- or multinucleate and with or 
without chromatophores. These subsequently encyst and develop a 
thick membrane (fig. 177 L). From these cysts there arise, with or 




B. a P^^rg C ’d^s^Tst^^fr^f aSCh , Cr ’i A> d ^ gram *natic representation; 
the protoplast has divided and one half £ P 3811 C ’^. yst; D > E > multiplication, 
Progressing down the stalk F T reaped as an amoeba which is 

‘hum which hr absorbed ^ **"■**“ Pascher; F. plasmo- 

•howing chromatophores (c) “* ° i, G ’ part of a Plasmodium 

(0. also a larce nsenHr.^ nu<dei (")• contractile vacuoles (u), and leucosin 
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without (fig. 177 J) previous division of the contents, Chromulina-like 
swarmers (fig. 177 I) which may or may not possess a chromatophore 
and which after some time lose their flagellum and become amoebae; 
sometimes, however, the swarming stage is suppressed and the amoebae 
are produced at once. The latter grow and their nuclei divide and 
sooner or later they form the characteristic envelope; but at all stages 
of their development fusions can take place and there thus result the 
large plasmodia that constitute the normal vegetative condition. It 
seems that sometimes the swarmers or amoebae may arise direct by 
division of the plasmodia without the above-mentioned encystment 
occurring. The formation of colourless swarmers and from them of 
colourless plasmodia depends on the fact that, in the division of the 
protoplasm, some of the products receive no chromatophores. 

The examples cited are sufficient to show that among Chryso¬ 
phyceae we can trace a practically complete series of transitions to 
rhizopodial and plasmodial organisation. Commencing with forms 
like Chrysamoeba , where the rhizopodial condition, as in Heterochloris, 
is only a temporary phase, we pass to others ( Chrysopyxis , Cyrto- 
phoraceae), where the flagellate individual is produced only in relation 
to reproduction, and from these again to the permanently rhizopodial 
forms, where flagellate stages may be altogether suppressed. A last 
step, involving the loss of chromatophores, would bring us to typical 
Rhizopods which, unless they retained some characteristic assimi- 
latory product or other distinctive feature (e.g. the cyst), would no 
longer be recognisably derivable from the Chrysophyceae. 


The Colourless Forms among Chrysomonadineae 
(Monadaceae) and Rhizochrysidineae 

Among the Chlorophyceae there occur in many groups colourless 
forms that are quite plainly related to the pigmented types. Forms 
with reduced and pale-coloured chromatophores are known in Ochro- 
monas (e.g. O. granulosa (77); cf. also Chrysococcus tesselatus (3O) and 
both here and in Chromulina colourless species occur; similarly 
Mallomonas apochromatica Conrad (18) lacks chromatophores. We owe 
mainly to Scherffel(i22,i23) and to Pascher(94.i<>6) the demonstration 
of the fact that the Monadaceae ( Monas , Stokesiella, Physomonas, etc.), 
hitherto classed in the group of colourless Flagellates known as 
Protomastigineae (cf. p. 746), are in large part, if not entirely, colourless 
Chrysophyceae referable to the Ochromonadeae (cf. also (*), (24)). 
This is mainly based on their possession of the characteristic cysts 
(116), (123) (fig. 178 B-D), whilst in several cases leucosin is present as 
well. 

The species of Monas (fig. 178 A) closely resemble Ochromonas, 
having the same delicate periplast admitting of change of shape, the 
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B-V«rncm!rof eSS Chr > c s °P h > ceae - A ~ D . Monas vulgaris (Cienk.) Senn; 
E', O nru y *'° lcomonas socialis Moroff, free-swimming cell. 

(Kent) Blochm E r' ren c ) /^ ent ‘ ho ‘ ozo,c nutrition. F, Dendromonas laxa 
Pascher H ^' ;3 S . tyl ° br y°” Abbotii Stokes. H-J, Stokesiella epipyxis 
’ , o indi\ iduals, that on the rjght contracted ; I, empty envelope; 
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same unequal flagella arising from an emarginate anterior end, and 
the same tendency for temporary attachment by means of a thread- 
like pseudopodium at the posterior extremity (p. 529). In M.socia- 
bihs Meyer (77) spherical colonies may be formed.' Leucosin is often 
present and cysts have been found in a number of species. Some 
species ol the uniflagellate Oicomonas (Oicomonadaceae, fig. 178 E, 
E ) have also been found to possess these characteristics(122) and 
should therefore be transferred to Chrvsophyceae as colourless 
Chromulineae. Both Chadefaud(8> and Gavaudan(34) record forms 
of Ilonas possessing colourless plastids with apposed eye-spots and 
those described by the former are stated to have a yellow-green 
colour. 

In describing a new species of the genus, Pascher (106) shows very 
clearly that Stokesiella ((71) p. 373) is a colourless encapsuled type 
closely related to the section Epipyxis of Dinobryon. The protoplast 
has the same structure, with a large posterior lump of leucosin 
(fig. 178 H). The rather coarse envelope of Pascher’s form is com¬ 
posed of successive thimble-shaped pieces fitted into one another, 
and cysts of the normal Chrvsophvcean type are formed in just the 
same way as in Dinobryon within a spherical vesicle at the aperture 
of the envelope (fig. 178 J). The stigma present in a few species of 
Monas and Stokesiella is regarded by Scherffel and Pascher as 
representing the last remnant of the chromatophore. Stylobryon 
(54*.71.14*),. a dendroid Stokesiella (fig. 178 G), is in all probability 
a colourless parallel to the colonial Dinobryons, while Dendromonas 
(54 *.71.139) is so like a colourless Chrysodendron (fig. 178 F, S) that 
one can scarcely doubt that future investigation will confirm the 
suggestion of a close affinity. Of a similar nature are Cephalothammon 
(54 *.71.139) and Anthophysa(i39), although here the individuals occur 
in groups at the ends of the branched stalks. 

KorschikoflF(6i) has recently produced evidence that Physomonas 
(fig. 178 L, M), another genus of the Monadaceae (54 *.>40.14*) that 
occurs as a stalked epiphyte, is likewise a colourless member of 
Ochromonadeae. He has observed probable leucosin masses and the 
characteristic cysts. The periplast is here covered with small siliceous 


J, cyst-formation. K-M, Physomonas vestita Stokes; K, discs with bnstles 
from envelope; L, stalked individual; M, beginning of division. N-Q, L^eu- 
kochrysis sp.; N, two amoebae; O, escape of amoeba from cyst; P, division 
of contents of cysts; Q, upper part of cyst. R, Heterolagymon Oeaogonn 
Pascher. S, Dendromonas virgaria (Weisse) Stein, ip, op, inner and outer 
plugs of cyst respectively; /, leucosin; mb, mouth-band; n, nucleus, nv, 
nutritive vacuole; o, aperture of cyst; r, rhizoplast; t, contractile threa , 
v, contractile vacuole. (A after Alexeieff; B-D after Scherffel ;E after I joro • 
E', G, S after Lemmermann; F after Kent; K-M after Korschi o , 
rest after Pascher.) 
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scales 1 each bearing a long bristle (fig. 178 K), a structure recalling 
that of Mallomonas, although Physomonas has the two unequal flagella 
of other Monadaceae. The cells readily separate from the stalk as 
amoeboid swarmers which can divide during movement. 

Most Monadaceae show near the anterior end of the cell a linear or 
somewhat curved, strongly refractive band, known in German termi¬ 
nology as the “ Mundleiste” (mouth-band, fig. 178 H, L, M, mb), 
although it is certainly not of the nature of a mouth. Its significance 
and function are altogether obscure. According to KorschikoflF it is 
closely applied to the nucleus in Physomonas, and during division a 
second mouth-band is formed de novo on the one daughter-individual. 

A similar structure is known to occur in many of the pigmented forms 
(cf. e.g. (50)). 


It is not surprising that, among these colourless types, the same 
amoeboid and rhizopodial tendencies should be manifest as among 
e pigmented ones. Pascher ((97) p. 43) records such a case for a 
species of Monas, whilst Heterolagynion (90) (fig. 178 R) is a colourless 
para lei of Lagymon- The same author has, moreover, described 
. a n C t ?i^" leSS . amoe <; ba ’ f-eukochrysis (97) (fig. 178 N), whose inclusion 
cysts (fig ^78 0-Q r ) med ^ ,tS ° ccasi0na,, y for ™ing the characteristic 

The colourless members of Chrysophyceae appear to have 
riginated in two ways. In such a form as Rhizochrysis the chromato- 
phores do not always divide at the same rate as the protopiasts whh 
he result that some of the individuals receive none (cf. fig^76 D and 
also Myxochrysis) According to Pascher ((9,, p. 43), however such 

(a6)) U H?is n of IV th e Ui d? n0t K USUa, 1 1 y P° ssess much vitality (cf. also 
(6))^ He is of the opinion that colourless forms more usually arise 

Chlamvd« SS,Ve r ! duCtl °" of c hromatophores, as is well shown among 

amonTrh Cea f- (P ' 90) ’ and for which there ^ also evidencf 

chiomato^ S r es m m na rh neae ^ P ' 53 u 8) ‘ Pro g^ssivc reduction of 

increasing capacity for holozoic nutrition. ° n l ° 


(c) THE PALMELLOID TYPE (CHRYSOCAPSINEAE) 

The not infrequent palmelloid stages recorded in rh™ r 

r^ss^jzzsssz.^ 

f °™ ——* 
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palmelloid organisation to which others have since been added. In 
classifying these forms it is difficult to assess the value to be attributed 
to the characters of the swarmers. Thus, the genus Chrysocapsa 
(36,39,91), with small spherical or ellipsoidal gelatinous colonies which 
are free-floating or attached (fig. 179 A, B), includes forms with 
motile stages possessing either one or two flagella. Pascher (doo) 
P- 55 ?) suggests restricting the genus to forms with uniflagellate 
swarmers, an attitude that in the present state of our knowledge 
appears warranted, although on this basis very similar forms will be 
distinguished almost solely by the mode of flagellation of their motile 
stages. 

In Chrysocapsa (fig. 179 A, B) the mucilage is structureless, whilst 
in Gloeochrysis ((100) p. 550) it exhibits stratification around the 
individual cells (fig. 179 E), after the manner of a Gloeocystis. The 
cells of Gloeochrysis (fig. 179 G) contain a single large parietal 
chromatophore with an embedded pyrenoid-like body ( p ) which is 
highly refractive. The swarmers (fig. 179 F) are uniflagellate and 
resemble a Chromulina. Conrad’s Pascherella ((17) p. 221), found in 
brackish water, has numerous cells which possess the reticulate 
chromatophore (fig. 179 K) of a Chrysapsis (p. 514) embedded in 
mucilage showing some stratification. Multiplication is effected by 
swarmers (fig. 179 L) with a very long flagellum. In these diverse 
forms contractile vacuoles are frequently recognisable in the palmel¬ 
loid phases and in Gloeochrysis and Pascherella a stigma is often 
present as well (fig. 179 G, K). 

West’s Phaeosphaera (14s), at present only recorded from Sphagnum- 
bogs in Cornwall, has the large spherical cells, with a single parietal 
chromatophore, embedded in a little-branched gelatinous cylinder 
(fig. 179 C, D); the reproduction is unknown. In Phaeocystis 
(7,46.65,119) and Phaeogloeado) the multiplication takes place with the 
help of ochromonad swarmers (fig. 179 I) with two unequal flagella. 
The former is not uncommon in marine plankton and occurs as large 
spherical lobed colonies (fig. 179 H) which reproduce also by 
detachment of the lobes. 

All of these forms, which may for the present be classed as Chryso- 
capsaceae, are imperfectly known and in want of detailed stud). 
A rather more specialised member of this family is Celloniella foun 
by Pascher (104) attached to rocks in rapid alpine streams. Where the 
flow is not torrential, Celloniella appears as foliose, lobed, gelatinous 
expanses composed of very delicate mucilage in which the cel s are 
disposed mainly at the periphery (fig. 180 A, E); below, the co orn 
narrows to a rounded or flattened stalk-like portion . rmer 

mucilage, while in the basal attaching disc the latter is carti a S ino, ? s ’ 

‘ markedly stratified and encrusted with carbonate of lime. n 
rocks of cataracts only this flat stratified basal crust is forme , " • 
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J&tomVa^Khir-' d A Ch . rys °P hyceae (Chrysocapsineae). A. B, Chrysocapsa 

D, a number of th^’ T? 8 * ° f a c ° lony - G , D, Phaeosphaeragelatinosa West; 

E, panTf stratu^ F ^gcd E-G, Gloeochrysis pyrenigera Pascher; 
Phaeorx't, r p tl ) m! t F ’ s " arTner : G > the same after coming to rest. H-J 

Pascherella J * gr ° Up ° f Cells tnlar K ed - K, £ 

c, chromatophore • / leucosin-'v> f T° m a colon y: L, swarmer. 

(C, D after West • H* I P ’ P yr . eno ‘ d :/- »tipna; v, contractile vacuole, 

the rest after Pasd^e’r ) La 8«he im ; I after Pouchet; K. L after Conrad; 
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in sheltered situations not exposed to the current the colonies develop 
as vesicular or racemose masses. At the apices of the lobes of the 
normal form the cells, elsewhere mainly in a single laver, are irregu¬ 
larly heaped together (fig. 180 B, E), and these are the main centres 
of growth where abundant division occurs. The cells possess a single 
chromatophore and a contractile vacuole (fig. 180 B), and can escape 
as Chromulina -like amoeboid swarmers (fig. 180 F, J) devoid of a 
stigma. These swarmers can multiply by division during the motile 
phase. Characteristic cysts (fig. 180 C, D), provided with curved 
longitudinal ridges, have been found within the mucilage. 

PascherdoQ) has also described a subaerial form, Geochrysis, which 
occurs on peaty soil as olive-green or greenish black, extensive gela¬ 
tinous strata containing numerous cells with the usual single chromato¬ 
phore and a contractile vacuole. Reproduction is effected by uniflagellate 
swarmers and by breaking up of the stratum into single cells or groups 
of cells which are enveloped in thick gelatinous envelopes and are 
dispersed by the wind (fig. 180 L, N, O). 

A curious freshwater epiphyte Naegeliellm23.4s.124), first described 
by Correns, is placed by Pascher ((100) p. 560) in a special family 
Naegeliellaceae. It forms small rounded discs, at first one-layered, 
later several-layered in the middle, attached to diverse aquatics 
(fig. 180 H, I). The cells, which contain a deep yellow-brown chroma¬ 
tophore and a number of contractile vacuoles (fig. 180 M), are 
embedded in mucilage which forms a thick envelope on the side away 
from the substratum. The peculiar feature of the alga lies in the 
presence of one or more richly branched mucilage-bristles which 
arise from the upper surface of the disc and may attain to considerable 
length (fig. 180 G, I, h). In the form described by Correns ( N.flagel- 
lifera( 23)) they develop in the following way. 

The swarmer, after settling down on a substratum, secretes a 
mucilage-envelope from the inner part of which a hair ( h) is protruded, 
the ruptured outermost layer forming a loose sheath (fig. 180 K, m) 
around its base. When the cell divides, the inner part of the newly 
formed mucilage-envelope around each daughter-cell grows out into 
a similar hair which extends into the soft central mucilage of the 
primary bristle and, bursting the apex of the latter, projects into the 
water (cf. fig. 180 K, s). Since this series of events is repeated time 
after time, a tuft of bristles arising from a common sheath and becoming 
free at diverse levels gradually arises. By degrees the oldest brist es 
ensheathing the younger ones are burst open and thus two, and ater 
several, separate multiple bristles are formed. Since these e ongate 
structures are flexible they appear on old colonies as a convoluted mass 
of threads which are often entangled with one another. This metnoa 
of forming mucilage-hairs is unique. 

In the forms described by Scherffel<«24) and Godward Us) the bristles 
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c in optical section• F ’ ®’ “f?* 1 ® lobc enlarged; C, D, cysts, 

J. ameboid sSgc oF's^ r^rM g < *jS tnb V- t ^ n °/ Ce,,S ' F - *™™er! 
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W; /, Ieucosin ; m, mucilage o ** chromatophore , h, mucilage- 

*, secondary bristle• #; conm^tiu * p u ? ^ protoplasmic thread: 
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contain delicate threads of cytoplasm continuous with the protoplasts 
of the cells of the disc (fig. 180 G, />), so that in these cases the structures 
in question are quite comparable to the pseudocilia of Tetrasporaceae, 
except for the fact that several are combined to form a branched 
compound structure. In the main branches a considerable number of 
cytoplasmic threads are recognisable, but the ultimate branches contain 
only a single one. It is unlikely that Correns, the discoverer of pseudo¬ 
cilia in the Tetrasporaceae, overlooked them in his species of Naegeliella, 
and at present it appears that there may be a number of different forms, 
some with and some without cytoplasmic threads in the bristles. 

Correns recorded swarmers with two laterally attached flagella 
formed directly from the cells of the disc. 

The highest development among the Chrysocapsineae is found in 
Hydrurus 1 (Hydruraceae), an inhabitant of cold streams, which in its 
marked division of labour far surpasses any of the palmelloid forms 
found in other classes and may in some respects be ranked as high as 
Draparnaldia. The only species, H.foetidus (Vill.) Kirchn., occurs as 
richly branched, olive-green, feathery tufts (fig. 181 A), 1-30 cm. 
long, sticky to the touch and giving off an offensive odour when alive; 
they are occasionally encrusted with carbonate of lime. The plant is 
composed of tough, almost cartilaginous, cylindrical mucilage-strands, 
said to contain callosed 44 ), in which are embedded the numerous 
naked cells. These are at first spherical, later ellipsoidal or pear- 
shaped (fig. 181 B, F). In each strand the cells are densely aggregated 
at the periphery and more loosely disposed in the central portion 
(fig. 181 F). A single curved chromatophore (c), containing a pyrenoid- 
like body ( p) (cf. also fig. 166 H) is apposed to the anterior, often 
pointed and upwardly directed end of the cell (fig. 181 C, E), whilst 
the broad downwardly directed part contains a number (5-6) of 
contractile vacuoles (v) and lumps of leucosin. 

Each branch grows apically (fig. 181 B), the end-cell undergoing 
repeated longitudinal division, one half reconstituting the apical 
cell”, the other contributing to the lengthening of the branch; new 
branches arise mainly in acropetal succession. The mucilage seems 
to be secreted largely by the posterior end of the cell. The formation 
of swarmers is stated to be confined to the short branches and ensues 
after longitudinal division of series of cells. The swarmers are 
uniflagellate and tetrahedral in shape, the front end being drawn out 
into three slightly amoeboid processes, while the back end with the 

chromatophore is pointed (fig. 181 G). The swarmers become attached 
by their anterior end and immediately secrete a mucilage-cylinder 
(fie. 181 C), within which longitudinal division of the protoplast 
(fig. 181 E) soon commences; gradually certain of the peripheral cells 
take on the functions of apical cells and produce branches. 

1 See (2), (37), (56), (57), (64), («*8). 
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Cyst-formation occurs during the summer months in certain cells 
which are carried out in mucilage-strands beyond the general surface 
(fig. 181 J), after which a silicified membrane with the customary 
pore and plug is secreted within each. The mature cysts are biconvex, 
with a broad delicate wing extending round half the periphery 
(fig. 181 H, I). Palmella-stages have also been recorded, but are 



<Xty : b-E*‘ Z 7 {tZs O d‘, Kirchn A, habit ; B. ape* of a mature 
branch ng; G » H development; F. apex of a colony showing 

side; J. b^nch wltTcys”’ c hll V™ ^ SUrfaCe * 1 from th * 

< A * f '~ «<»»ftnsi<i;'F C a h f rBe 0 n P h h :, r d e : fh/tM ££ 
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imperfectly known. It is remarkable that this highly specialised form 
should have naked cells and that sexual reproduction has so far not 
been observed. 

It will be evident from the preceding description that the palmel- 
loid types among Chrysophyceae attain to a higher differentiation 
than among either Chlorophyceae or Xanthophyceae. 

Order II. CHRYSOSPHAERALES 

These are the Chrysophycean forms parallel to Chlorococcales and 
Heterococcales and include a number of types with firm cell-walls 
of unknown composition. It is noteworthy that none of the Chryso- 
sphaerales so far discovered form well-defined colonies such as occur 
abundantly in Chlorococcales. 

Chrysosphaera ((100) p. 533), the first form to be described (92), 
possesses relatively large spherical cells (fig. 182 A) which contain a 
pair of parietal yellowish-brown chromatophores (c), as well as drops 
of oil (0) and often large lumps of leucosin (/). The cells multiply by 
division of the protoplast, the halves forming new membranes of their 
own and remaining for a time within the stretched parent-membrane, 
so that four-celled aggregates may be formed. The divided protoplasts 
can, however, escape as uniflagellate swarmers (fig. 182 B) provided 
with two anterior contractile vacuoles and an eye-spot. 

Epichrysis ((39), (78), Ooo) p. 538; including Phaeocapsa paludosa 
Korschikoff(sQa)) occurs as an epiphyte on filamentous freshwater 
Algae, often appearing in dense clusters (fig. 182 C) in which the cells 
are flattened as a result of mutual pressure. The isolated cells 
(fig. 182 D) are spherical and contain a single chromatophore, mostly 
apposed to the outer side of the cell, whilst oil-drops and leucosin 
are usually present. Multiplication is effected as in Chrysosphaera 
(fig. 182 D, E). Pascher reports that when the protoplasts divide, 
whether to form swarmers or not, a pair of contractile vacuoles ( v ), 
usually appear in the resulting cells. This shows that division here 
(as also in Chrysosphaera) is only to be regarded as a case of suppressed 
swarmer-formation. The uniflagellate swarmers (fig. 182 E, E ) can 
also give rise to free-floating palmelloid stages, within which typical 
Chrysophycean cysts may be formed. 

Schiller ((126), (128) p. 67) has described a marine member of this 
order, Aurosphaera (fig. 182 K) possessing a silicified membrane 
bearing silicified bristles attached to scales as in A Iallotnonas an 
reproducing by uniflagellate swarmers or autospores. Another marine 
form is Geitler’s ((40) p. 629) Sarcinochrysis, found in marine cultures 
from the Canary Islands. This form (fig. 182 M) occurs as cubical 
packets of rounded cells with a pair of yellowish lobed parietal chromato¬ 
phores and surrounded by a delicate membrane. The swarmers, o 
directly from the protoplasts without previous division, are oblong 
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an obliquely truncated anterior extremity from a slight depression in 
which arise two flagella of unequal length, the longer directed forwards, 
the shorter being dragged behind (fig. 182 L). As Geitler points out, 
the type of swarmer is unusual among Chrysophyceae and recalls to 
some extent that of Phaeophyceae. In how far this difference is sig¬ 
nificant further research must show. 

Chodat has applied the name Chrysostomataceae ((10) p. 81) to a 



C-F :hr y sos P h ® en ‘ 1 «- A. B. Chrysosphaera nitens Pascher; B. swarmer 

D Lffe cln anHH 0 " (“orschik.) Pascher; C. group of cells on fnC 

SchJ CO d division-stage; E, E\ swarmers. F, Pterosperrna Joergensenii 

H s L^! 7 \T et t- Para t d ° Xa C > d - Echiuochrysis Chodat i Conrad 

Sdiill. T M* tlXr * 1 •' ° r n na P’ ?“■ K ' A ' ,ro *P>'°'ra echinata 
M sinele cell *7 *1 mart ™ Ge,tl - = L - swarmer from the side ; 
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series of unicellular freshwater forms, closely resembling the siliceous 
cysts produced by members of this class (e.g. Chrysostrella, fig. 182 G). 
They may represent a separate line of Chrysosphaerales in which such 
resting stages have become the normal vegetative condition, but their 
status is not yet clear (cf. (10) p. 82, (11), (100) p. 547) and many will 
probably prove to be the cysts of other members of the class. Conrad 
((17) p. 222) has, however, described a genus, Echinochrysis (fig. 182 J), 
which reproduces by swarmers of the Ochromonas-typc (fig. 182 H, I), 
and which appears to establish the independent existence of such forms. 

Another group of doubtful organisms belonging here are the marine 
Pterospermaceae (cf. (73 a), (128) p. 72), some of which may well be 
specialised members of Chrysosphaerales. The forms in question have 
spherical cells with a firm membrane provided with one (fig. 182 F) 
or more wings placed perpendicular to the surface and strengthened 
by ridges; the cells contain numerous brown discoid chromatophores. 

Order III. CHR Y*SO TRICH A LES 

Perhaps one of the most striking contributions to our knowledge of 
this class in recent years has been the description of a number of 
filamentous forms, among which the genus PhaeothamniorU 63) appears 
at length to have found a secure resting-place. Although the relevant 
forms are not numerous and appear to be of restricted distribution, 
their discovery shows more plainly than anything else that the 
Chrysophyceae have followed the same evolutionary trend as other 
classes with flagellate representatives in respect of the differentiation 
of true plant-forms. 

The simplest type is represented by Nematochrysis (boo) p. 511; 
first described as Chrysothrix -Cqz)), so far only found in salt water. 
This possesses simple unbranched filaments, attached by a basal cell 
with scanty contents and thick stratified walls (fig. 183 A, B). Apart 
from this all the cells are alike, cylindrical or barrel-shaped in form, 
with two parietal chromatophores (c) and the clear cytoplasm usual 
in Chrysophyceae; there are also drops of oil (o) and leucosin-masses 
(/). As in other Chrysotrichales the threads readily pass over into a 
palmelloid condition, the cells rounding off and the membranes 
becoming gelatinous, while at such times the protoplasts often develop 
eye-spots. This indicates that, as in other filamentous series, the 
palmelloid phase represents but a modification of the ordinary process 
of swarmer-formation. The cells in these palmelloid stages readily 

form cysts, thin-walled but otherwise typical. 

Biflagellate swarmers (fig. 183 I), provided with a stigma (s) u 
without contractile vacuoles, are usually formed from the cells withou 
division. They are markedly metabolic and escape through an aperture 
formed in the side wall, the posterior end of the swarmer e . mer g ,, J& 
first. On coming to rest they give rise to an almost spherical ce , 
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whose membrane adjacent to the substratum becomes prominently 
thickened (fig. 183 C, D). The first, as well as all later, divisions of the 
protoplasts are oblique (fig. 183 C, D, F), but, before the daughter- 
protoplasts secrete their own membranes, the plane of separation 



^ l8 3 . Cl^ttkluiks. A-G, I, Nematochrysis sessilis Pascher; B, basal 
JL.. ? n 0 a *" 5 e ®dj D, unicellular plant, division of protoplasts; E, two- 
8 u dl' successive stages in division of a cell of the thread; I, 
^warmer rt, Phaeothamnion confervicolum Lagerh., habit. J, K, P. Bor- 
zuntum Pascher; J, swarmer; K, apex of a branch, b, basal cell; c, chromato- 
H'*ore, 1, leucosin; o, oil; j, stigma; v, contractile vacuole. (All after Pascher.) 
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becomes transverse (fig. 183 E, G). The lower cell formed from the 
germinating swarmer undergoes no further division and gradually 
assumes the mature form of the basal attaching cell, while the upper 
segments divide to form the thread. 

Phaeothammon ((45), (63), (100) p. 498), probably not uncommon in 
freshwaters in the colder period of the year, develops short, branched 
(%• >83 H) or sometimes unbranched filaments, attached to other 
water-plants by a thick-walled basal cell ( b ) like that of Nematochrysis. 
The cells are cylindrical and have firm cellulose walls, which are 
sometimes stratified and readily become mucilaginous; they contain 
either a single lobed parietal chromatophore (P. confervicolum ; cf. 
fig. 183 H, K) or several discoid ones (P. polychrysis), apart from the 
usual inclusions of the Chrysophycean cell. All the cells, except for 
the basal one, are capable of division, but in older plants those of the 
main axis lose this capacity. The method of segmentation is similar 
to that above described for Nematochry sis , but the plane of division 
is not so markedly oblique. 

The swarmers (fig. 183 J) resemble those of Nematochrysis and are 
formed to the number of one or two (rarely 4-8) in a cell, being 
liberated through a lateral aperture and being sometimes temporarily 
enveloped in a vesicle. They either give rise directly to new filaments 
or round off and divide repeatedly to form palmelloid stages (fig. 
184 F) which, as in Nematochrysis, can also originate directly from 
the ordinary filaments (fig. 184 A). The cells of such palmelloid 
stages may later produce zoospores or form typical Chrysophycean 
cysts, liberating one or two swarmers on germination. Pascher 
(doo) p. 504) mentions that the swarmers often contain a number of 
highly refractive bodies which disappear during germination and 
possibly furnish the material for the strong thickening of the basal 
cell (cf. Xanthophyceae, p. 492). Borzi ((6) p. 454) recorded sexual 
reproduction, but this remains very' doubtful. 

Hansgirg’s Phaeodermatium ((47) p. 207) forms more or less circular 
discs (fig. 184 B), sometimes attaining considerable dimensions, on 
the rocks of cold, especially calcareous streams. These crusts are 
one-layered at the margin, but composed of several layers in the 
centre (fig. 184 E, I) and at first show clearly their origin from 
coalescent filaments; in older plants this filamentous structure is 
more or less obscured. Pascher (doo) p. 518) described how some of 
the marginal threads may elongate markedly like runners and give 
rise at their apices to secondary crusts. The cells possess the usual 
parietal lobed chromatophore and contain oil and leucosin, "bile t e 
membrane of older cells is often brownish and distinctly stratified. 

At times the cells round off with gelatinisation of the membranes 
and the protoplasts of such palmelloid stages occasionally develop 
contractile vacuoles. They readily form swarmers which are ot course 
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also produced from the cells of the crusts, escaping with the posterior 
end foremost as in other Chrysotrichales. Here, however, the 
swarmers (38) are uniflagellate and closely resemble those of Hydrurus 
(fig. 184 J); they are highly metabolic. After a brief period of move¬ 
ment they settle down to form a hemispherical cell (fig. 184 C, D) 
which spreads out on the substratum and soon divides (fig. 184 N); 
by further segmentation a branching filament and gradually a 
parenchymatous disc are formed (fig. 184 B). The several-layered 
character of the central part results from the upgrowth of vertical 
few-celled closely apposed branches (fig. 184 I), as in Pseudoprings- 
heimia (p. 260) or the red alga Hildenbrandia. According to Pascher 
((100) p. 525) the cells of these upright threads can also produce 
horizontal branches (cf. 4- in fig. 184 E) closely adpressed to the basal 
stratum, whereby a several-layered condition is likewise attained. As 
in other members of this order the swarmers can also at times give 
rise to palmelloid stages. The cysts (fig. 184 G, H), recorded by 
Geitler(38), are very similar to those of Hydrurus. 

Phaeodermatium is thus clearly a discoid type based on a hetero- 
trichous filament, and it is not improbable that further research will 
disclose the existence among the Chrysophyceae of heterotrichous 
forms with the habit of a Stigeoclonium or Ectocarpus. The genus 
Thallochrysis , described by Conrad (16.17) from brackish water, appears 
as a strongly reduced form of the same general type as Phaeoderma¬ 
tium. It occurs as short branched threads or parenchymatous one¬ 
layered discs with an obvious filamentous structure which either float 
freely or are attached to other aquatics (fig. 184 O, P). The cells vary 
in form, being sometimes more rounded, sometimes polygonal, and 
are enveloped by a relatively thick membrane which does not appear 
to contain cellulose; the large chromatophore is as usual parietal. The 
swarmers (fig. 184 M) are like a Chromulina and are formed singly, 
especially from the end-cells (cf. fig. 184 P). According to Conrad 
cell-division takes place in three directions, and not uncommonly 
groups of cells separate off as pleurococcoid aggregates which 
apparently constitutes a method of vegetative multiplication. Typical 
cysts are also known (fig. 184 L). 


A similar type is constituted by Apistonema'd 08), one species of which 
has pyrenoids in its chromatophores, while Geitler’s Placochrysis 3 
and Chodat’s Phaeoplaca (n> are one-layered discoid types withou 

evidence of filamentous structure. rK _.. n 

It is perhaps significant that the upright members of the Ghryso 

trichales have ochromonad swarmers, while in the prostrate types y 
are of the Chromulina- pattern. Pascher ((.00) p. 510), however, bnetly 


Phaeocoecus 


Clementi (cf. 


1 Certain of the stages figured by Borzi(6) as 
p. 659) belong to a species of this genus. 
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refers to a branched filamentous form, Chrysoclonium , in which chromu- 
linoid swarmers are probable. 

The Chrysotrichales thus exhibit about the same diversity of 
development as do the Heterotrichales, although they do not include 
any such ubiquitous type as Tribonema. Further investigation will 
no doubt widen the range. 


Status and Taxonomy of the Chrysophyceae 


It is clear, however, that the principal development of the Chryso¬ 
phyceae, as in the case of the Xanthophyceae, centres around the 
unicell and colony. The relatively slight development in the upward 
direction is also implied in the simplicity of the reproductive methods 
and in the apparent scarcity of sexual reproduction. In view of the 
multiplicity of form among the motile types, it is probable that the 
class may be in course of active evolution at the present day. So far 
no siphoneous representatives have come to light. 

The affinities of the class are considered at the end of the section 
dealing with the Bacillariophyceae (p. 642). 

The following is an outline of the classification which underlies the 
preceding matter and which is essentially based on Pascher’s scheme (100): 

I. Chrysomonadales : 

(a) Chrysomottadineae: 

(i) Chromulineae: 

1. Chromulinaceae: Chromulina, Chrysamoeba, Chrysapsis, 
Chrysococcus, Chrysopyxis, Pyramidochrysis. 

2. Oicomonadaceae (?, cf. p. 540). 

3. Mallomonadaceae: Chrysosphaerella, Conradiella, Mallo- 
monas, Microglena, Pseudomallomonas. 


4 - Cyrlophoraceae: Cyrtophora, Palatinella, Pedinella. 

(ii) Isochrysideae: 

V/y S *o,MZ S C) hry ’ iJaC ‘ a ‘ : ChrySidalU (?) ' Dure P>' xis ’ Syncrypta, 

6. Coccolithophoridaceae: Acanthoica, Coccolithus, Disco- 
sphaera (?) Haplopappus, Hymenomonas, Pontosphaera, Rhabdo- 
sphaera (?), Scyphosphaera, Thorosphaera. 

Sy nure *ceae: Chlorodesmus, Skadovskiella, Synura. 

(111) Ochromonadeae: 

„ • /?*.' ° chromona daceae: Chrysobotrys, Chrysodendron, Cyclo- 
nexis, Ochromonas, Uroglena (including Uroglenopsis). 

9. Monadaceae: Anthophysa, Cephalothamnion, Dendro- 
monas, Monas, Physomonas, Stokesiella, Stylobryon. 

etc 10 ' Lepochromo,ladaceae: Diceras (?), Dinobryon, Hyalobryon, 


(iv) Prymnesieae: 

11 • Prymnesiaceae: Prymnesium. 
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( b ) RJiizochrysidineae: 

12. Rinzochrysidaceae : Chrysarachnion, Chrysidiastrum, Leuko- 
chrysis, Myxochrysis, Platychrysis, Rhizochrysis. 

13. Lagyniaceae: Chrysocrinus, Heterolagynion, Lagynion, 
Rhizaster. 

(c) Chrysocapsineae: 

14. Chrysocapsaceae: Celloniella, Chrysocapsa, Geochrysis, 
Gloeochrysis, Pascherella, Phaeocystis, Phaeogloea, Phaeosphaera. 

15. Naegeliellaceae: Naegeliella. 

16. Hydruraceae: Hydrurus. 

II . Chrysosphaerales: 

17. Chrysosphaeraceae : Aurosphaera, Chrysosphaera, Epichry- 
sis, Ochrosphaera (?), Sarcinochrysis. 

18. C/irysostomataccae: Chrysostrella, Echinochrysis, etc. 

19. Pterospermaceae (p. 550). 

III. Chrysotrichales: 

20. Nematochrysidaceae : Nematochrysis. 

21. Phaeothamninnaceae : Apistonema, Chrysoclonium, Phaeo- 
thamnion. 

22. Thallochrysidaceae : Phaeodermatium, Phaeoplaca, Placo- 
chrysis, 'I'hallochrysis. 


The Silicoflacellata 

Only brief mention can be made of the marine Silicoflagellata, 1 
some of which at least are probably related to the Chrysophyceae. 
The small organisms belonging to the Dictyochaceae are character¬ 
ised by the possession of a skeleton (fig. 185 A) taking the form of a 
framework of siliceous rods arranged in diverse ways and with inter¬ 
vening spaces of definite shape. Outside this skeleton 40 is a delicate 
layer of cytoplasm containing, in Distephatium speculum (fig. 185 A) 
and other forms, a number of bright yellow to brownish yellow 
discoid chromatophores. According to Hovasseoso), however, the 
skeleton is external in the adult individual. At the surface there is 
perhaps a delicate membrane, although Hovasse ((is®) p. 478) figures 
a rhizopodial stage of Distephanum octonarium. The spherical nucleus 
lies in the middle of the cell. Fat appears to occur as an assimilatory 
product, and Ieucosin is also stated to be present (15°). Apically there 
is a single Hagellum. 

The siliceous skeleton may be a simple ring, ellipse ( Mesocetia , 
fig. 185 H, I), or triangle, but is often much more complex, consisting 
of two rings or polygons joined by a series of rods (e.g. Distephanum 

fig. 185 B,C). According to the recent account given by Gemeinhardt( 4 D 

the adult individual possesses two of these skeletons (fig. 185 ), more 

1 See <s), (24 b), (41), C 1 • s P- 73 . * (,5o) - 




Fig. 185. Silicoflagellata. A-D r* n; * l 
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or less fitted into one another (fig. 185 D). It appears, however, that 
the second skeleton is commonly formed only a short time before 
division (fig. 185 B), the daughter-individuals thus possessing one only 
during the early periods of their growth. Hovasse(soi), in confirming 
this, points out that the new skeleton is a mirror-image of the old one, 
so that that of the new individual differs from that of the parent, but 
is like that of the grandparent. Schiller ((128) p. 65), on the other hand, 
records a process of division affecting only the protoplast, the flagellum 
of the parent-individual being cast off and each daughter-individual 
forming one afresh. One or sometimes both daughter-individuals 
swarm away and form a fresh skeleton. Schiller also records probable 
resting stages with a distinct membrane and devoid of flagella. 

A large numberof the species are known only in the fossil condition^), 
and, since in most of the living forms, the protoplasmic body is very 
imperfectly known, the classification is based almost entirely on the 
characters of the skeleton. The living forms occur at times in large 
numbers in the plankton, especially in the colder seas. Silicoflagellata 
have been found from the Cretaceous onwards (133), the older forms 
being relatively simple with a prevalently triradiate skeleton (Dictyocha 
triacantha ); in the later Tertiary more complex forms appear which 
do not seem to differ materially from those of the present day. 

By contrast to the autotrophic Dictyochaceae which show marked 
points of contact with the Chrysomonadineae, the probably bi- 
flagellate, heterotrophic Ebriaceae ( Ebria , fig. 185 E, Hermesinum) 
according to Hovasse (500. 150) appear more nearly allied to Radio- 
laria and to certain of the Gymnodinioideae with an internal siliceous 
skeleton (p. 692), in whose neighbourhood this authority( 151) would 
place them. The skeleton of Ebriaceae is more massive and intra¬ 
cellular throughout life. Zooxanthellae (cf. p. 658) are not un¬ 
commonly present (fig. 185 E, a). 
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Class IV. BACILLARIOPHYCEAE 


The Diatoms are unicellular, sometimes colonial forms which enjoy 
a very wide distribution in all kinds of habitats and play a very 
important role, especially in the aquatic vegetation of the world. The 
aquatic forms are a conspicuous feature both in freshwater and 
marine plankton (cf. p. 607), and in addition afford a host of epiphytes, 
while in the photic regions of salt and fresh waters alike they con¬ 
stitute one of the most important elements of the bottom-living flora. 
Everyone will be familiar with the brown scums and skins found on 
various kinds of substrata, as well as with the fluffy brown growths 
caused by abundant epiphytic Diatoms. Diatoms also often appear 
as brown or greenish films on damp mud,as on that of salt-marshesUi a). 
Many Diatoms are very sensitive to changes in the salt-content 
of the water, and according to KolbeooS) can be used as indicators 
of the degree of salinity. According to him this is the principal 
ecological factor determining the distribution of Diatoms. Other 
important factors are temperature and quantity of dissolved organic 
substance (33 *). A considerable number of forms occur in or on the 
soil, while extensive coverings of Diatoms have been recorded es¬ 
pecially on sandstone surfaces 1237). 

The remarkable sculpturing of the silicifled cell-walls renders 
Diatoms objects of great beauty and affords a fascinating study for 
those interested in minutiae, so that Diatoms have long been made 
the subject of special investigation by microscopists. This has had 
the disadvantage that too much stress has been laid on points of 
minute detail, while more important aspects have been neglected. 

The Bacillariophyceae appear as a sharply circumscribed group of 
rather highly evolved forms which afford few points of vantage either 
for the tracing of their phylogeny or of their affinities with other 
groups of Algae. Pascher(i6 4 ) has collected evidence indicating a 
relationship with Xanthophyceae and Chrysophyceae (cf. p. 642), 
and this is far more clearly founded than the older views relating 
Diatoms to Phaeophyceae or Conjugales which are really only of 
historical interest, since the resemblances to these groups are purely 
superficial. 


The Chemistry of the Cell-wall 

According to Mangin(izi) the walls are composed of pectin im¬ 
pregnated throughout with silica, except for an outer often muci¬ 
laginous portion, found especially in plankton Diatoms, consisting 
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of pectin only and frequently readily demonstrable by slight staining 
with aniline dyes. The silica can be extracted by the action of hydro¬ 
fluoric acid 1 leaving the soft organic pectin membrane, or the pectin 
can be removed by calcination or maceration, leaving only the siliceous 
constituent; in either case all the markings of the intact cell can be 
recognised. 

Liebisch(u7.n8> has, however, shown that in many forms (and 
perhaps in all) there is no interpenetration of the two constituents 
and that the diverse parts of the diatom-membrane consist of an 
inner pectin-layer and an outer layer probably composed of hydrated 
silica (SiOo + x H 2 0 ), similar to opal and without any admixture of 
organic material. The inner layer is closely adpressed to the outer 
and therefore shows the impressions of all the markings found on 
the siliceous shell (fig. 198 A, p. 594). In the coarser forms the pectin 
layer is often thicker than the siliceous one, while in thin-walled 
plankton Diatoms it may be very hard to recognise. 


Richter (187.188) came to the conclusion that the membrane contained 
sodium silicate combined with an organic compound, because he found 
that marine Diatoms must be supplied with sodium chloride and can 
utilise potassium silicate. Sodium has. however, not yet been shown 

thC gTOWt u ° f freshwater Diatoms, and it seems 
unlikely that the: diatom-membrane which is so hard to dissolve should 
consist of one of the more readily soluble silicates (cf. (20) p. 353, , II7) 
p. 2 40 . According to Coupin( 3 7) Diatoms can only employ aluminium 

findfS 8 ? thC SO S? Ce ° f Slh “« but this squires confirmation Brieger(2o) 

silica rorn m ° St P' 3 * 0 ™.' ob ‘ ai " their siliceous material from dissolved 
silica-compounds ; only in the caseof Fragilaria ellipticals the faculty 
of dissolving colloidal silica established. y 

sol he ,rT; °i sibcific3tion varies appreciably in different Diatoms 
some 1 'ke Cyhndrotheca being so feebly silicified that weak hydro ’ 

UnT C “!? IS Suf f c,ent P art, y or entirely to dissolve the membrane 
Under certain unknown cultural conditions, but in the pTesTnce of 
silica, certain Diatoms (marine forms of small size Nit-schia \ 
fail to produce the siliceous envelope; the species cone “mS P ^ 

like ordinary individuals and are stated also To' mo '; ement 

of '**"2 — of the ntctnbrano 

m S «/»' re S,d°"' V ' r ' “ d ° ubtful " b « b - copulation- or division. 
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The General Construction of the Diatom-cell 

The diatom-cell (often spoken of as a frustule) has a wall composed 
of two, usually equal halves, the older {epitheca) fitting closely over 
the younger (hypotheca) (fig. 186 B, C, e, h). Each half consists of 
(a) a thin, commonly somewhat convex valve ( v ), the edges of which 
are more or less incurved and attached to ( b) a connecting-band (g) in 
the form of a closed or probably often open hoop ((57) p. 74, (163)); 
it is the two connecting bands, together forming the girdle , that fit 
over one another. Thus, the individuals of the common genus 
Pinnulana (fig. 186 A-C) have the general form of an oblong box, 
whilst in such a Diatom as Cyclotella (fig. 186 F, G) the frustule may 
be likened to a circular pill-box. In either case the bottom and top 
of the box correspond to the two valves, the sides to the two over¬ 
lapping connecting-bands. 

It will be apparent, therefore, that the diatom-cell may be regarded 
from two aspects, viz. that in which one or other valve is seen ( valve- 
view, fig. 186 A, G) and that in which the girdle is exposed to view 
{girdle-view, fig. 186 B, F); whilst the latter is very commonly 
rectangular in outline, the valve-view varies very much in shape in 
the different genera and species. The connecting-bands are able to 
grow in width ((92) p. 210, (140)), whereby the two valves become 
further removed from one another and the length of the cell increases, 
but the valves are not usually (cf. p. 616) capable of enlargement. 
When an appreciable part of the edge of the valve is bent over, this 
portion is of course visible on either side in the girdle-view; this may 
be called the valve-jacket (“Schalenmantel” of the Germans, cf. 
fig. 186 C y j). The valve may pass by a gradual curve into the valve- 
jacket or the two may be separated by a sharp angle. While the valves 
are usually ornamented in a characteristic manner, the connecting- 
bands {girdle) are commonly smooth. 

The long axis of a diatom-cell is constituted by the line joining the 
centre-points of the two valves and is usually called the pervalvar 
axis (fig. 186 B-E, pa ); the majority of Diatoms are thus considerably 
broader than they are long. The plane of cell-division, which lies at 
right angles to the pervalvar axis and is known as the valvar plane 
(fig. 186 B-E, vp), is strictly speaking never a plane of symmetry, 
since the one valve is always larger than the other; it is usual, however, 
to disregard this slight difference and to speak of asymmetiy in the 
valvar plane only when the two valves are dissimilar also in other 
respects (. Achnanthes , figs. 188 D, 195 A, B). In Diatoms with circular 
valves, such as Cyclotella (fig. 186 F, G) and Coscinodiscus (fig. i »7 A) 
the valves are radially symmetrical about the pervalvar axis. I nese 
are known as Centric Diatoms (Centrales), but the Centrales a s 

1 These also possess other characteristics, as will be apparent from the 
subsequent matter. 
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Fig. 187. Diverse forms of Diatoms. A Ehrenb 

B C, Biddulphia pulchella Gray. D, Cymbella astrda (HemprO ^ 
E Isthmia enervis Ehrenb. F, Bacdlana paradoxa Gmel. G, H, ^ 
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include forms in which the valves are triangular ( Triceratium , 
fig- *93 D) or otherwise shaped and in which the number of planes 
of symmetry is consequently limited. Thus, in most species of 
Btddulphia (fig. 187 B, C) the valves are elliptical with only two 
planes of symmetry, while in Isthrtiia they are likewise elliptical but 
produced towards one side (fig. 187 E), so that there is only one plane 
of symmetry. Centric Diatoms are far more abundant in the sea than 
in freshwater, and the marine forms, moreover, attain a much larger 
size than the freshwater ones. 

In forms like Pinnularta (fig. 186 A), with oblong cells, the valve 
is isobilateral with only two planes of symmetry, one about the axis 
joining the two poles of the valve (the apical or sagittal axis, aa), 
the other about the transverse axis of the valve (the transapical axis] 
ta) (cf. also fig. 186 E). The plane running through the apical and 
pervalvar axes and therefore passing through the poles of the re¬ 
spective valves is known as the apical plane (sagittal plane) (shaded 
with lines sloping down to the right in fig. 186 E), while that running 
through the transapical and pervalvar axes is known as the transapical 
/^(transversal plane) (dotted in fig. 186 E). The numerous Diatoms 
exhibiting this more limited symmetry are classed as Pcnnate 
Diatoms (Pennales), but they also include forms in which the valves 
possess only one plane of symmetry (either the apical plane, e.g. 
Gomphonema , fig. 187 I and Licmopliora , fig. i 9 o F, or the transapical, 
e.g. Cymbella, fig. 187 D) and are therefore zygomorphic. In forms 
like Cymbella, which are asymmetric about the apical plane, the valves 
are usually described as dorsiventral. 

Since the valve is usually the most characteristic part of the diatom- 

wilf hi?* a t brief consideration of some of its more outstanding features 

1 S an mit,al com P rehe "sion of the group. In many 
cases the valves are ornamented with striae which, as a general rule 

either readily or only with the help of the best optical equipment’ 

tion of the m t dves l T ar Seri , CS of dotS (cf - P- 577 ). The distribu- 

differenipVt ° tHcr m f rk,n 8 s constitutes the most obvious 

difference between Centric and Pennate Diatoms, especially when 

the valves of the former are not radially symmetrical. In Centrales 

(figs V i86 e G X A ad O ,y K Stri , aC ° r COn <*" tric markings 

186 G, 187 A, C), while in Pennales they are arranged in two 

o. MtUI V s”"X“LZ(NSh R ) are„b M A cT'S <^re„b.| 

S«inifSri, ■*«•«; 
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series, one on either side of the apical axis (figs. 186 A, 187 D, 

I, N). 

In pennate forms like Synedra (fig. 187 N) and Fragilaria (which 
belong to the so-called Araphideae) 1 the two systems of striae are 
separated by a narrow linear smooth area ( axial area, a), devoid of 
markings and occupying the apical axis of the valve. This smooth 
area is often spoken of as a pseudo-raphe, since it simulates the true 
raphe found in this position in Pinnularia (fig. 186 A, r), Gomphonema 
(fig. 187 I, r), etc. In these latter genera (belonging to the Biraphi- 
deae) 1 the smooth axial area is commonly wider and shows a central 
and two polar nodules (fig. 186 A, cn,pn) which are internal thickenings 
of the wall; between the central and each polar nodule there extends a 
well-marked line (r), actually a longitudinal slit in the valve, and this 
constitutes the true raphe which will be dealt with more fully below 
(p. 583). Raphe and axial area are not uncommonly curved, as in 
Gyrosigma (fig. 187 L). In forms possessing merely a pseudo-raphe 
(Araphideae) the axial area may widen at the centre and sometimes 
also at the poles of the valves to form so-called false nodules (e.g. 
Synedra, fig. 187 N, n). In certain genera (e.g. Cocconeis, Achnanthes) 
one valve possesses a pseudo-raphe (figs. 187 G, a, 195 B), the other 
a true raphe with both central and polar nodules (figs. 187 H, r, 
195 A). Such forms are grouped as Monoraphideae 1 in contrast to 
those possessing a raphe on both valves ( Pinnularia, Navicula, etc.) 
which are classed as Biraphideae. 1 Centric Diatoms are altogether 
devoid of raphe or pseudo-raphe. ‘ 

in all the genera just mentioned the valves are symmetrical about 
the apical axis, but in a number of the Biraphideae, as already noted, 
they are dorsiventral (145). Thus, in Cymbella (fig. 187 D) and 
Amphora (fig. 187 J) the valves, as well as the raphe, are more or less 
curved parallel to the apical axis and the raphe tends to lie nearer to 
the ventral (plane or concave) than the dorsal (conyex) margin 
(cf. fig. 188 A). In both genera too the connecting bands are wider 
on the dorsal than on the ventral surface of the frustule (cf. fig. 188 A ), 
so that the valves are slightly tilted and one girdle is broader 
than the other. In Amphora, moreover, the valves are no longer 
plane, but shaped like a gable in transverse section (fig. 188 A ), that 
is to say they are crested, the valve-jacket being strongly developed. 
These features are responsible for the fact that individuals of this 
genus nearly always present their girdle-view to the observer (fig. 
187 J). In Rhopalodia (Epithemioideae)d46.>49) much the same 
obtains, but the raphe is lodged in the crest of the gable (fig. 188 C ,r) 
and not along its sloping ventral surface as in Amphora, so that in t e 
girdle-view the raphe is seen immediately adjacent to the dorsal e ge 

of the valve-jacket (fig. 187 M, r). 

* Cf. pp. 640, 641. 
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A somewhat different type of valve-structure is found in the 
Nitzschioideae. 1 Here the valves are possessed of a more or less 
projecting keel (fig. 188 F', k) which runs along their whole length 
(fig. 187 F, k), is marked with more or less evenly spaced (circular or 
oval) carinal dots ( d , cf. p. 588) and contains a raphe in the form of 
a longitudinal canal with or without central and polar nodules. In 
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Symmetry relations of various Diatoms (F' after Pfitzer; F, F" 
; A hC rc3t * ft « °- Milller). A. Amphora ovalis Kiitz. B, Gompho- 
Grun C * Wx . 0pal( £ la ^ermicularis Mull. D, Achnanthes inflata 

F' N KUtZ - F * F ” Nitzschia commutata Gnin.; 

pline : ■ A' B ’ C - etC ” Y a J ve - vi , ewa or sections through the valvar 

A'' R" r-' * . ’ e * C :. sec . t,ons of fnistules through the transapical plane; 
.i'u,’ ; etc girdle-vnews or sections through the apical plane; in D 

the Hne r Tn E* ^0^; in E' the lower figure is a section through 

transaffical'axis. ’ 8X191 ** keel; **• P ervalvar axis; r, raphe; r«. 


1 Cf. p. 641. 






57 2 BACILLARIOPHYCEAE 

Bacillaria (fig. 187 F) the keel is median, whilst in Nitzschia (fig. 
188 F) it is often displaced towards one side of the valve and in 
Hantzschia (fig. 187 K) this is always the case. In Nitzschia the cross- 
section of the frustule (transapical plane) is usually rhomboidal, the 
two parts of the valve meeting at an acute angle in the keel (fig. 188 F'), 



Fig. 189. Structure of Surirella. A, C-G, S. Capromi Brdb.; A, E, gir e- 
views, A from the surface showing the lobes of the chromatophores, in 
optical section (apical plane); C, valve-view; D, part of a wing rom 
surface, showing the narrow canals separated by wide strips of membrane , 
F, transverse section (transapical plane); G, view of wing from outer 
B, 5 . stria tula Turp. <r, centrosome; m, strips of membrane between *"!* 
in wing; n, nucleus; p, lobes of chromatophore; pr, pseudo- raphe;r, rapne. 
/, canal in wing communicating with raphe; ti\ wing. (B a ter . mi , 
Hustedt; the rest after Lauterbom.) 
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and the keels of the two valves are placed diagonally, so that the two 

sets of carinal dots do not lie on the same girdle-face. But in 

Hantzschia , which has dorsiventral valves (fig. 187 K), the cross- 

section of the frustule (transapical plane) is rectangular and the keels 

occupy adjacent angles, running in the ventral (concave) edges of the 

valves, so that both appear on the same girdle-face. In Amphibrora 

(Naviculoideae, fig. 188 E) the valves are provided with a sigmoid 

keel ( k) containing the raphe which is of the same type as in Pinnu - 
laria. 

In the complex genus Surirella (Surirelloideae) 1 (115.161.i 79 ) lastly 
the valve-view which is commonly elliptic or oval (fig 180 B C) 
shows a prominent median pseudo-raphe ( pr) with a system of strong 
ribs on cither side. The two margins of each valve are winged, as is 
\e^ apparent in sections in the transapical plane (fig. 189 F, tc), and 
the entire length of the somewhat dilated outer edge of each wing is 
occupied by a narrow slit-like canal (raphe, fig. 189 F, G, r) com¬ 
municating with the external medium ; each valve therefore possesses 
two raphes, but there are no nodules (cf. P . 588). The wings as is 

Wew .‘so 5 ' rn ,n thC <0f ‘ en CUnC3te ° r subr cctangular)girdlc- 

canals w, A ’l, E) '^T 3 System of rather narrow transverse 

With thft in ,he S r "h ^ i. P roto P' a f m of the cell communicates 

another hv hro H f thcSe Canals bcin S ^parated from one 

nother bj broad intervening stnps of membrane (,„) (cf. fig ,8q D) 


Intercalary Bands and Septa 

u h comptatd Si e m s^' e St n UCtUre ° f ,he frustul<: d «cr.bed a, the outset 
Position ^ f C,a ! ly m many Penn ate Diatoms, by the inter- 

necting-band" These t nds " | 4 '’ b = ,w “ n the valves and their con- 
nectinl-bands'and I '"“rcalary bands are really secondary con- 
GHil e usuall >' "•<=» secn ^ ‘he girdle-view (fig. „> 0 

open 'hoopV Ofte„ C 1 h neCt ' n8 ^ andS ' h ° y ar ' e P robabl y in cases 

half of °he frustie m e ,' S ° nly ° ne , such intercalary band in each 
190 H) there are fr ( ,‘"" cu,a ' */»'*«»«■>. but in Tabellaria (fig. 

(fig. .00 A) as manv^s Is '° “'T 1 "w hi ' e in thc- marine ^du,La 
the number be^n f m„ ‘ merC , alary ba " ds "lay occur in each theca. 
In rrmct . 8 °' ten unequal in epitheca and hvpotheca. 

septa forminnncomnlite rCala 7* bandS ** produced Eternally into 
In Tabellaria (fig too H l*?*?"* '“""T P ara,,eI to f he valves, 
of the frustule L • * h septa do not reach to the centre 

interca ao binds ltil CCS T C ari ? fr ° m al *™e poles of the 
from the Loader pole (fi * '?° B ’ E) ** * p '« -tend 

roader pole of the cell for a varying distance towards the 

1 Cf. p. 64,. 




Fig. .90. Intercalary bands and septa. A, Rhabdonema 

Kutz., frustule dissociated into its constituent parts. B, E, , and 

B L hnubxei (Kutz.) Grun., intercalary band with septum, E, gir 

13 , 1^. tyngoyei ^ K Grammatophora maxima 

F, valve-views of L. gracilis (Ehrenb.) Grun. C, K , Gramm p 

Grun.; C, half a frustule; K, corner of same. D, G serpentina 'ajculosa 

G, Rhabdonema adriaticum Kutz., half a frustule. H, I, ciimacosphenia 
(Roth) Kutz; H, colony; I, intercalary band with sepmrn; 

moniligera Ehrenb., corner of a frustule, „ girdle-band; 

( v) t intercalary band (1), and girdle-band (g ). ft * * Smith; 

, intercalary band; m, mucilage; r, septum; v valve (A D after 
E F after Grunow; H, I after West; the rest after O. Muller.) 
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centre. In many Pennales, however, the septa extend from all sides 
into the frustule. Those of Rhabdonema are commonly slightly curved 
(fig. 190 G, r), are marked with transverse ribs, and are perforated 
by from one (fig. 190 A) to three large apertures. In Grammatophora 
(fig. 190 C, D) they are markedly undulate, have a central foramen (/) 
and are very conspicuous in the girdle-view (fig. 190 C). 

The single intercalary band in each half of the frustule of some 
species of Epithemia (fig. 191 B) and of Climacosphenia bears a septum 
perforated by a row of more or less rounded apertures (/). These, in 
Epithemia , lead into chambers between the septum and the valve which 
are cut off from one another by a system of further septa placed at 
right angles to the valve and appearing both in the valve- and girdle- 
views as prominent ribs (fig. 191 A, j). A very similar structure occurs 
in Denticula (fig. 191 F, G). .Mastogloia (Naviculoideae, fig. 191 C, E) 
has in each half of the frustule a longitudinal septum (r) perforated by 
a large oval foramen (/) drawn out at the two poles, while the marginal 
part of the septum is divided into a row of variously shaped chambers ( c ); 
the partitions between these appear as strong transverse ribs in valve- 
' iew (fig. 191 C) and as a row of coarse markings along the edge of the 
valve in girdle-view (cf. fig. 191 D). 


Among the Centrales intercalary bands are specially developed in 
the Solenoideae, 1 where their large number conditions an elongation 
of the pervalvar axis so that, unlike most Diatoms, the frustules are 
here much longer than they are broad. A typical instance is furnished 
by Rhizosolenia (fig. 191 H, M), where the cylindrical frustules have 
asymmetrical calyptra-like valves (t-) terminating in an excentric 
spine or long seta, while the long intervening girdle is composed of 
numerous, usually scale-like intercalary bands (i) which are often 
more or less imbricate. In some of the allied marine forms (e.g. 
Corttfroyt fig. 203 A, Dactyliosolen) the intercalary bands are ring- 
shaped like those of the Pennales. Transverse septa are found in 
certain Biddulphiaceae (e.g. Terpsinoe, fig. 191 L)(. 3 o>. 

In all cases the connection between the valves and the connecting- 
ands, as well as between the valves and the intercalary bands when 
** firm ° ne - The edges are sometimes merely sharp and 
- e (figs. 186 H, 190 J), while in most cases there are special 
nan g es (, 4i) which serve to strengthen the junction (cf. Grammatophora , 

"8* 190 h). 

Dosse h s i!i e nI h fK abOVe " diSCUSSe ? Se P la are regu,ar features of the species 
occasion fl hei ^’ Certam other internal structures are met with only 

Siar e^L a n.e T be C ° m P lttd >’ lack *"S- The most 

ample is furnished by the craticular formations o 18. mq), 1 often 

| Cf. p. 640. 

structured have'beell 'nK * U * 1 to L date of the in which these 

ucrures have been observed is given by Liebisch ((«,») P . 5). 
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ip. I 9 I. A, Epithemia argus Kutz., valve-view. B, E. ^ary 
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met with in Navicula cuspidata (fig. iqi I). These are strongly silicified 
structures of the same shape as the valves and apposed to the inner 
surfaces of the latter; they are provided with a prominent median rib 
from which strong transverse ribs extend out towards the margin. Of 
an analogous nature are the internal valves, 1 commonly met with in 
Meridian ciradare, in species of Naviculaceae (24.48), Nitsschia, Surirella 
and in diverse species of Eunotia\ in E. serpentina Hustedt(#7) records 
as many as seven of these internal valves fitting the one within the other 
and differing from the true valve in the possession of different markings 
and the absence of the raphe (cf. also fig. 191 J, K). Similar structures 
are known also among Centrales (172). According to Liebisch ((u8) p. 56) 
such internal valves are formed as a result of dilution or concentration 
of the medium combined with unfavourable nutritive conditions (cf. also 
(*4), (177)); they have indeed often been recorded from waters of higher 
concentrations. 


The Detailed Structure of the Valve 

The markings on the valves 1 are simplest in structure among the 
Pennales. The characteristic striae are, with good lenses, in the 
majority of cases resolved into linear series of small dots ( punctae , 
figs- 187 J, 192 B) due to cavities (areolae) situated within more or 
less pronounced ridges of the wall which project either towards the 
inside or the outside. It is the close and regular arrangement of the 
punctae that causes them to appear as striae. They are so extremely 
fine and constant in arrangement in some species (e.g. Amphipleura 
pellucida, fig. 192 E) as to furnish excellent objects for testing the 
definition and angular aperture of microscope-lenses. All gradations 
exist from very fine striae to conspicuous ribs or costae (cf. fig. 187 
?, Y* but these latter are not always composed of series of punctae. 
In the large Pinnulariasi 147) they represent transversely distended 
chambers (fig. 192 A) within the inner part of the valve (v) communi¬ 
cating with the cell-cavity by oval foramina (/), whose edges appear 
as a pair of fine longitudinal lines running over the system of trans- 
, ^ or literature, sec footnote 2 on p. 575. 

hot < u SO ~ ,S^), ( j ,4> ’ Uls) ‘ Mu ,,er(, 5i) recommends treatment with 

dlUm carb °nate and potash in studying the structure of the valves. 

HL^2L BrUn: * Va, \ e and (J ‘ girdle-views. H. Rhizosolenia eriensis 
] Nitwit, P £ Tt °Vv US j ule \ *• Navicula cuspidata Kutz.. craticular skeleton. 
panntcl, Sm.th, g,rdle-view. internal valves. K, Anonoeoneis 
girX-view M P 8 / ; V,eW - ,n ** mal . v f lves * L * Terpsinoe musua Khrcnb.. 
dots • c chamK T "" St - yl, S° r "" s Brightwell, half a frustule. carinal 

rgi^dle-band 7 , K SC, L tU,n; f"-' Central nodu1 ^ * ^pitheca; /. foramen; 
s seotum- h yP° tbe ca; «, intercalary bands (shaded in M); r, raphe; 

a’fter P I ;?k’ C r A * F * G after Hustedt; B, I, M after O. Muller- C 1) J 

SfLi r E Ki«7 ,h; H “ f " r ° S " nfcld & W “"> b 'r g .Lund ; K a„7r 
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verse costae (fig. 192 F,/). 1 According to Kohler (107) the membrane 
overlying these costae is provided with numerous fine pores arranged 
along two series of intersecting lines. 

In the majority of pennate forms the areolae are probably not open, 
although Kohler(io7) states that definite pores are demonstrable in a 
number of cases. In the species of Epithernia ((148) p. 399) the rows 
of punctae occurring between the ribs (due to the transverse septa, 
p. 575 ) on the valves (fig. 191 A) are circular cavities widely open 
towards the interior of the cell (fig. 192 G, l, a); around the edge of the 
membrane covering in these chambers are a number of very fine, 
oblique pores ( p) connecting the chamber with the outer surface. In 
Pleurosigma ((138), (148) p. 388, (isO) the wall of the valve is occupied by 
innumerable minute polygonal chambers (quadrangular in Gyrosigma, 
fig. 187 L), each opening towards the interior and exterior by a very 
narrow pore so that the wall possesses the structure of a minute sieve 
(fig. 192 H), the meshes of which are narrowed on the outer and inner 
sides. Perhaps similar minute perforations may yet be found in other 
Pennales. Many epiphytic and colonial members of this order show 
isolated, often rather large, pores which are usually situated near the 
ends of the valves and through which secretion of mucilage takes place 

(fig. 192 C, D, p). 


Among the Centrales a relatively simple structure of the wall is 
found in Melosira (fig. 193 A), where it is traversed by numerous 
fine pore-canals forming a dense network and believed to be open 
bothon the innerand outer sides 2 (i43). In Triceratiumplano-concayum 
(fig. 193 E, H), according to Hustedt(So), the areolae (a) constitute 
warts on the outer surface which are perforated by three slightly 
oblique pores ( p ), which converge and unite to form a single canal 
traversing the inner part of the wall (fig. 193 C, H). In most Centric 
Diatoms that have been examined, however, the valve bears internal 
or external ridges which form a network circumscribing the areolae. 
The latter thus appear as cavities which are either open towards the 
exterior ( Triceratium favus, fig. 193 I, Eupodiscus argus) or towards 
the interior ( Coscinodiscus , Craspedodiscus , Isthmia nervosa , fig. I 93 ")» 
while the membrane covering the chamber on the inner or outer si e, 
as the case may be, is traversed by fine pores or by so-called poroi s 
(/>), the latter believed to be closed by a delicate membrane (<* 4 *> 
p. 396, (150) p. 424). 

Thus, in Coscinodiscus asteromphalus (fig. 193 K) the primary wall 
bears a polygonal network, the meshes of which open to the interior 


» Transverse costae of another kind are seen on the valves of 
provided with the above-mentioned transverse septa (Mertdtort, Dt 

DC * With reference to the occasional dimorphism of the mdividuals in the 
colonies of Melosira (coarsely and finely punctate individuals, etc.) see ( S 4 i 




Fig. 192. Structure of the valve in Pennales. A, Pinnularia, diagrammatic 
representation of transverse section of hypovalve with parts of adjacent 
girdle-bands. B, Navicula mutica Kiitz., valve-view. C, Licmophora JUrgensii 
g. and D, L. Ehrenbergii (Kiitz.) Grun., showing mucilage-pores (p). 
simphipleura pdlucida Kiitz., valve-view. F, Pinnularia viridis (Nitzsch) 
linrenb., valve-view. G, I, Epithemia Hyndmanm W. Sm.; G, part of valve- 
jacket with raphe (r), central nodule, areolae (a) and pores (p); I, section 
trough three areolae. H, PUurosigma balticum (Ehrenb.) Sm., section of 
ceu-membrane. a areolae; c, costae; cn, central nodule; /, foramen; g, g\ 

f valC^VR Hl i °l ^ VC V/’ P ^ rCS I pn ' P ° ,ar noduIe * r - ra P he i septum; 
v$ valve. (B, E, F after Hustedt; the rest after O. Muller.) 





















Fig. 193 [for description see opposite ] 
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by wide circular apertures (a), while the covering membrane (?) is 
occupied by numerous poroids (o), some of which are believed to be 
actual pores(21.150). In Isthmia nervosa (fig. 193 B, G) the chambers 
are shallower), being formed by short ridges projecting internally; 
occasional ridges extend deeper and form the coarse network (fig. 193 
G, r) visible at a low' focus, each mesh of which includes a number of 
areolae (a). The membrane covering each chamber bears at its periphery 
delicate, radially disposed ridges, while the central part is occupied by 
minute poroids (fig. 193 B, p). Occasional pore-canals, both here and 
in Coscinodiscus, traverse the ridges (fig. 193 B). 

The primary membrane of Triceratium /avus (138.150) bears a network 
of external ridges (fig. 193 F, L, e) enclosing regular polygonal chambers 
and slightly broadened at their outer margins which circumscribe the 
rounded external apertures (fig. 193 I, e). The internal wall of each 
chamber is traversed by numerous poroids (/>), some of which are 
believed to be true pores. At the edges of the valves the ridges are 
prolonged into wings (fig. 193 I, J, M, tv) which are traversed by long 
pore-canals (p). 

The examples here described should suffice to illustrate the com¬ 
plexity of structure of the diatom-membrane, the details of which 
are known only in relatively few cases. Since the rather thick siliceous 
envelope of the cells shuts off the contained protoplast from the 
environment, the presence of numerous thin areas, admitting of 
gaseous diffusion and an osmotic exchange, or even of direct apertures 
communicating with the exterior, is manifestly a necessity. Among 
the Pennales, where the large majority of forms are possessed of a 
direct connection between the protoplast and the exterior by way of 
the raphe, this may well suffice , 1 although it has been mentioned that 
direct perforation of the membrane is probable in Pleurosigma and 
other forms, while cavities in which the protoplast is separated only 

1 In the Araphideac (cf. p. 640), which lack a raphe, no detailed study of 
the valve-structure appears yet to have been made. 


•g- 193 - Structure of the valve in Centrales. A, Melosira undulata (Ehrenb.) 
Kutz., girdle-view. B, G, Isthmia nervosa Kutz.; B, section of membrane; 
P ’ U j l *f surlacc °f P art °f valve. C, E, H, Triceratium plano-concavum Brun ; 

and t, parts of membrane at a low and high focus respectively; H, diagram 
exphunmg structure of areolae, above from the surface, below in section. 
:y ; d,stlnct > lf n Janisch. valve-view. F, I. J. L, M, T. favus Ehrenb.; F, edge 
aive, surface-view; I, J, sections of edge of valve, passing through edge 
ot wing and foramen respectively (J inverted); L, enlarged surface-view, in 
part without the projecting edges over the foramina ; M, diagram of structure 
rr.A^?K rnbra - ne at ed 8 e ,°f valve. K, Coscinodiscus asteromphalus Ehrenb., 
/■\ £ ane m sur face-view, partly showing the outer (o) and partly the inner 
ofvalv'l’ a ' areolae; e \ external enlargement of ridge;/, foramen; m, wall 
nf u * P ores or poroids; r, ridges of membrane; s 9 outgrowths on surface 

afteTo! MuileO W ‘ n8 ‘ ^ E * “ aftCr Hustedt; D after Schmidt; the rest 
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Fig. 194 - Raphe-structure in Naviculaceae. A, Pirmulana ^taraphe ^CL, 
valve-view. B-F, P. viridU Kiitz.; B, transverse sctl^n off™ td e pmtop^ 
dotted, chromatophores black; C, diagrammatic StaE 

valves, showing the relative positions of the two ra Pk“.’? , JL linations Q f 
of the two overlying valves; E, single polar nodule showing terminations 
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by a thin membrane from the outside medium exist in Epithemia and 
Pirmularia. In the Centrales, however, where a raphe is lacking, 
pores are probably imperative. Where actual apertures occur in the 
membrane they may not exceed a maximum diameter determined by 
the turgor-pressure of the cell-contents, since if the latter were greater 
than the resistance to flow through the aperture the protoplasm would 
escape. This statement is made on the assumption that the apertures 
occur also in the internal pectin-membrane. It is perhaps more 
probable, however, that the latter is not perforated, in which case it 
would constitute a firm boundary to the protoplast and the size of 
the apertures would be immaterial. The minimum diameter of the 
pores in the diatom-envelope is not of such an order as to interfere 
in any way with a free diffusion between the cell-contents and the 
external medium. 


The Raphe 

The raphe, met with in all Pennales except the Fragilarioideae 
(Araphideae), 1 is almost invariably associated with the power of 
spontaneous movement. It is encountered in a large proportion of 
the bottom-living forms. Its structure may be considered in the first 
place in one of the larger Pinnularias (Xaviculoideae) where many of 
the details can be recognised without too much difficulty ((115) p. 10, 
(142), (144) (1896)). The two polar nodules (fig. 1^4. A. pn), appearing 
as highly refractive structures in the valve-view, are connected by the 
line of the raphe (r) which is interrupted at the central nodule (cn). 
A transverse section of the valve (fig. 194 B) shows the raphe (r) to 
be a V-shaped deft opening tow ards the outside (o) and the inside (1), 
but narrowed down markedly at the apex of the V and possiblv 
actually closed here by a lamella. In other words the valve between 
polar and central nodules is divided into two halves by a narrow slit, 
the plane of which runs obliquely through the substance of the valve 
and at some point, perhaps interrupted, curves back more or less 
Sharply upon itself. In some of the more complex forms the raphe 
max appear variously undulated in a cross-section through the valve, 

1 See p. 640. 


° f . lh ? ra , phe; F ' smjcTurc of raphe at central nodule in a section 
F™rf/L a £“^ 1 G * Dt P* oneis oralis (Hilse) Cl., valve-view. H. 

vi~ rho ^**** (Ehrenb.) De Toni var. momta (Rabh.) De Ton., valve- 
cti the wo parts of the raphe at the central nodule; 

f V _ . . c ' C P* central pores; e % enlarged end of inner fissure of raphe; 

external °' e ^ emal Assures of raphe; /, canal connecting 
tf term^J temal ^ S “ rCS m *** ccmral nodule; pn, polar nodule ; r, raphe ; 

" (B aftCr L * uterb o™; O. Muller; the nUt Ste 



B AC ILLARIOPHYCEAE 


584 

whilst in others it is a straight slit ((142) p. 170). Its course in the 
apical direction in valve-view is rarely quite straight (fig. 194 C). In 
a surface-view of the valve the external fissure of the raphe appears 
as a distinct slit, whilst when it is markedly undulate along the pervalvar 
axis the points of bending appear as fainter lines alongside of the main 
slit (fig. 194 A). 

At the central nodule (fig. 194 F), which is a solid internal thickening 
of the wall, the two overlying (external and internal, o, 1) fissures of 
the raphe approaching from either pole are connected by a loop-like, 
somewhat sinuous canal (/). The points at which the external fissures 
dip inwards appear in the valve-view as a pair of central pores (fig. 
194 A, cp) which are usually located a little towards one side of the 
apical axis. Within the inner part of the central nodule the two loops 
are connected by a horizontal furrow which is in communication with 
the protoplasm (fig. 194 F, c). The polar nodules are hollow enlarge¬ 
ments of the wall projecting slightly towards the exterior (fig. 194 E), 
and within their outer wall the outer fissure (o) of the raphe terminates 
as a semilunar, slightly twisted slit (//), the terminal fissure. This is 
readily recognisable in the valve-view (fig. 194 A, //) and usually, 
though not always, these terminal fissures curve in the same direction 
at the two ends of the valve, though they always curve in opposite 
directions in the two valves of a frustule (fig. 194 D). The inner slit 
of the raphe, within the inner wall of the polar nodule (fig. 194 E), 
enlarges into a funnel-shaped structure (e) which is actually a fold of 
the membrane and projects into the apical protoplasm like a propeller. 
These funnels, like the terminal fissures, are curved in opposite 
directions in the two overlying polar nodules of a frustule, so that t e 
two systems are complementary to one another (fig. 194 ^)* 


It is not at present known whether this complex structure of the 
nodules is found in other Naviculoideae, but Hustedt ((87) p. 5 °) 1S 0 
the opinion that a large number of these possess solid polar nodules 
and that hollow ones are only found in the advanced types. e a ® 
considers it probable that in some Naviculoideae the two parts of the 
raphe may be unconnected at the often ill-defined central nodules (as 
in Eunotia. cf. p. 585)- Various members of this subordershow spe,t.a 
modifications of the raphe-system. In Stauronen the 
extends as a so-called ttauros devoid of stnae over the wholc 
the valve. In Frmtulia ( Vanheurckia) , regarded by many only as 
section of the genus Navicula, both po at and cent™I nodu'es are 

elongated in the apical direction and enc'osed, along with the tap, 

between two parallel siliceous ribs (fig. >94 H). n rounded and 

of Navicula the central nodule is more or less square “ 

prolonged at either end into pairs of P™ c . esses '"'‘“'"It'u'eatly 
ffie 104 G) The central nodule in Amphipleura (fig. 19 ^ ® . 

donated and appears as a narrow rib separating the two short portions 
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of the raphe (r) which are enclosed between two parallel ribs uniting 
at each extremity of the valve to form the polar nodules. 

We owe to Hustedt the elucidation of what may perhaps be 
regarded as the beginnings of the raphe among the Eunotiaceae 
(Raphidioideae). In Peronia (59) it appears only on one valve as two 
short slits, extending from the barely indicated, solid polar nodules 
for a short distance towards the centre of the valve and without any 
trace of a central nodule (fig. 195 K, r). Hustedt therefore concludes 
that the fissure is to be regarded as the primary part of the raphe- 
system of the Naviculoideae and that the nodules are secondary 
developments; Gemeinhardt, however, looks upon the raphe of 
Peronia as reduced. 

A rather more advanced type among Eunotiaceae is found in 
Eunotia itself (78). The rectangular frustules of this Diatom are some¬ 
times united by their valve-faces to form long, fiexuous, ribbon-like 
filaments (section Himantidiuni), but in other species are solitary’ or 
more rarely occur as epiphytic clusters (E. luyaris). The valves are 
dorsiventral and arcuate or bow-shaped, often with an undulated 
dorsal margin (fig. 195 C). Near the poles are comma-shaped slits (/ ), 
each of which represents a rudimentary raphe perforating the ventral 
valve-jacket and extending for a short distance (at the most for a 
quarter of the length of the valve) on to the valve-face (fig. 195 I), E). 
This raphe consists of an outer (o) and an inner (/') fissure which are 
not superposed, but run at an angle to one another and are connected 
at each end by canals. Polar nodules in the shape of solid internal 
thickenings of the membrane are always recognisable (fig. 195 D, E, 
pn), while in some cases a slight thickening at each central pore (<7>j 
indicates what Hustedt regards as the beginnings of a central nodule, 
ot which therefore there are two on each valve. The two raphes of each 
valve form quite unconnected systems. Nevertheless, as Geitleris?) 
has recently shown, the species of Eunotia possess the capacity for 
movement, although the raphe perhaps in the main serves for the 
exchange of material with the environment. 

From such a raphe-system as that seen in Eunotia the type found 
m the Naviculoideae could originate by the combination of both 
apnes ot a valve into a common system. This could be accomplished 
hy elongation of the two raphes until the two central nodules fused 
r y elongation of the latter until they came into contact ((78) (s 7 > 
£ S * 1 ,atter c °nnection the Naviculoideae with an elongate 

devil 3 n ° du 6 ^ m P hi P leura , Erustulia) may indicate the direction of 
ffirxo Pm A en m Th !^ Chnanthaceae ( Mon °raphideae), with Achnanthes 
abortion A V I !l and C ° cconeis ,8 7 G, H), are characterised by an 

epiph^ habit" ^ ° n ° nC ValVC * Pr ° bably in re,ati °" to "*ir 
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The rather different type of raphe found in Nitzschioideae and 
Surirelloideae is connected with that of the Naviculoideae by way of 
the Epithemioideae, to which Hustedt(Si) reckons Denticula , Epi- 
themia , and Rhopalodia. The common characteristic, which distin¬ 
guishes Epithemioideae and Nitzschioideae from the Naviculoideae, 
is the possession of a raphe having the form of a cylindrical canal 
extending longitudinally through the membrane of the valve (cf. fig. 
*95 0 > r) and communicating with the exterior by a narrow oblique 
fissure ((144) (1896), p. 56). This canal-raphe is typically without 
nodules and is usually located in a more or less marked crest or keel 
which either occupies the apical axis or lies excentrically towards one 
margin of the valve (cf. p. 571). Connection with the internal proto¬ 
plasm is established by means of a row of rounded apertures or pits 
in the inner wall of the canal (cf. fig. 195 J, M, O, c) occurring at 
irregular intervals and occupying the whole width of the raphe. In 
those forms in which the canal-raphe occupies a prominent keel these 
aperture become lengthened into canals separated by strips of mem¬ 
brane The external fissure of the canal-raphe is regarded as the 
equivalent of the outer fissure of the naviculoid raphe, while the pores 
correspond to the inner fissure of the latter. 


^^ m ? n i the L Epithemi ° ideae(8,) the ra P he alwa V s consists of two 
*; ranches terminating in more or less distinct central pores 

Sst Se H t0getf : er (fig -- 195 J: Cf - a,SO fi e- F, r). Beneath 
h^rest^f th J P K r 63 k ,m,lar ^ thC rOUnded apertures seen beneath 
a fuSn of ^ f K 1 a i °~ t V VICC as lar 8 e probably representing 
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in the middled? d! vallve_v,ew > the inconspicuous central pores lying 
branchTs l ° itS d0rSal mar *-, while the two 

they foHow for CUrVe Fap,d,y tOWards the ventral ™rgin which 

u grCater Part ° f their course (cf. also fig. ,9. A). In 
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marring Z 7 L°' Vahda - '95 L-N) shifted almost to the 
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(cf. p. 57 o) P * extreme edge of the frustule in the girdle-view 
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Among the Nitzschias 4) there are also forms showing central pores 
with a large underlying elliptical aperture (e.g. N. longissima, N. 
Trybhovella, fig. 195 G, H), but the pores are usually very close together; 
between them a faint central nodule can be distinguished, while the 
polar nodules though very small are distinct. The excentric keel which 
harbours the raphe is distinctly constricted in the region of the central 
nodule (fig. 195 H). There are, however, many Nitzschias ( N . scalaris, 
N. sigma, etc., cf. fig. 195 O) in which the slit of the raphe can be 
followed without interruption from one end of the valve to the other 
and in which central pores are lacking. Ia Hantzschiai, 82) the raphe 
does not run in the keel, but lies in the ventral valve-jacket (fig. 195 P); 
from the closely adjoining central pores (c/>) the two branches of the 
raphe rapidly approach the keel and run parallel with it, but shortly 
before they reach the poles they bend over on to the valve-edge and 
end in minute terminal pores. 

The carinal dots of the Nitzschioideae are probably in some cases the 
actual apertures on the inner surface of the canal-raphe, in other cases 
the intervening strips of membrane ((82) p. 161), according as the latter 
are wider or narrower than the diameter of the apertures. The researches 
of Hustedt indicate that the canal-raphe at first (Epithemioidcae) 
exhibits many of the essential features of the raphe of the Naviculoideae, 
but that among the Nitzschias reduction of the nodules with their 
complicated system of pores has taken place. It is not impossible, 
however, that from its first beginnings the raphe differentiated in two 
different directions, on the one hand following the line of development 
seen in Nitzschioideae and Surirelloideae, on the other resulting in the 


complex type found in the Pinnularias. 

The rare Diatom Cylindrotheca (83) appears to be a member of 
Nitzschioideae which is strongly twisted about the apical axis. The 
cells are cylindrical with produced apices (fig. 195 Q, R), the main body 
showing a number of spiral lines, two of which are punctate (r) and are 
believed to harbour the canal-raphe, the punctae being the carinal dots. 

In the Surirellas , as already mentioned, each edge of the valve, where 
it passes into the valve-jacket, is produced into a wing (fig. 196 A, to), 
the somewhat widened outer portion of which is occupied by a cana - 
raphe (r) communicating by a narrow fissure with the external medium. 
The two wings of a valve in most species extend to the poles where t ey 
are separated by a slight constriction and where the canal-rap e is 
probably in most cases interrupted, although in some it may run 
continuously over the poles. In some species one can distinguisn 
distinct terminal pores, although these are sometimes only to e see 
at one pole (fig. 196 D, E, po). Hustcdt(8 S ) has, moreover shown tna 
in certain species cf the genus (S. Neumeyeri) the canal-rap e P OS *. . 
distinct central pores at a point where, as in the Nit-sc uas 
mentioned, the valve-margin is markedly constricted ( g. 9 > 

right, cp). From these central pores the raphe passes on to the ere 
of the feebly developed wing and, after reaching t e P° ' . g 

over them and down the other wing until the two branches of P 
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meet, the terminal pores being in contact (fig. 196 C, left, tp). In 
S. Baldjickii not only central pores, but also the terminal pores on the 
other wing are clearly distinguishable, although both sets appear quite 
alike (fig. 196 B). 





Fig. 196. Structure of the raphe in Surirella AFC « .. 

: ’ F o tr—p- 

middle part of valves on the left with t#.rrv> 1 a,ve ’ Neumeyen Jan., 
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Hustedt is of the opinion that the raphe in Surirella is not actually 
double, but that it has become prolonged over the whole wing-like 
margin of the valve, ultimately with the complete elimination of the 
terminal pores by the fusion of the two branches. Further, in the 
majority of the species, the point of interruption of the raphe has been 
shifted from the middle of the valves to the poles of the apical axis. 
On this view the apical axis of most Surirellas is morphologically 
equivalent to the transapical axis of S. Neutneyeri, S. Baldjickii and 
the Nitzschioideae. 

The valve-faces of Surirella are transversely folded like corrugated 
iron and the folds which appear as costae (fig. 189 B, C) are continued 
on to the wings and here harbour elongate canals. These communicate 
on the one hand with the canal-raphe and on the other with the main 
protoplast, in many cases even containing small lobes of the chromato- 
phores (fig. 196 F, p). These canals are the equivalents of the apertures 
in the inner wall of the raphe of a Nitzschia, Denticula, etc. In the 
marine Surirellas these canals are more numerous than in the freshwater 
species and show no relation to the folds. 


The Movements of Diatoms 


Only those Diatoms that possess a raphe are capable of movement, 1 
and apparently the canal-raphe, especially when located on a keel or 
wing, is more efficient than the type found in the Naviculoideae, 
since forms with such a raphe exhibit a greater capacity for move¬ 
ment ((£5) p. 109). The motion is occasionally creeping and steady, 
more frequently jerky, and sometimes, but not necessarily, takes 
place along some kind of substratum. Some forms (e.g. Amphipleura) 
exhibit very slow movements. In Surirella the individuals show 
a peculiar rolling motion. In the planktonic Bacillaria paradoxa 
(fig. 200 G, H), in which the cells are united to form ribbon-shaped 
colonies, the frustules exhibit a highly characteristic gliding move¬ 
ment over one another. These movements of Bacillaria are autonomic, 
but according to Funk (44.4s) the colonies are mainly drawn out in 
the day and mainly contracted at night. Mechanical stimulation of 
a colony in the day-condition leads to approximation of the individuals, 
the degree of response depending on the strength of the stimulus an 
the temperature. Diatoms exhibit marked positive phototaxis(x8s). 

In spite of much research(6<?.114.115.142.*44) the mechanism of t e 
movements remains unclear. It is highly probable that the raphe is 
in all cases occupied by streaming cytoplasm (27) in direct contact witn 
the external medium and that the resulting friction is the cause ot tne 


1 Siddall(2i 9 ), however, records movement of a Coscinoducus -by 
delicate “ pseudopodial *’ filaments. It is not clear from h.s account on wh 
grounds these filaments are regarded as being cytoplasmic in nature and 
is possible that they are mucilaginous. 
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movement. In the Naviculoideae, where the mechanism has been 
mainly studied, the cytoplasmic currents are in the same direction in 
the two parts of the raphe of a valve, viz. from terminal fissure to 
central nodule and again from central nodule to the other terminal 
fissure, whilst in the inner fissures of the raphe the current is in the 



from I oIt"manr»s)™A) t ^^^^ W ^j , ^Q a ***■ after Lauterbom 

of mucilage with’ adhering s^fa th 

of movement of the latter; B. a frusml’e in showm ? ^ direction 
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r . raphe. P od,es near nucleus; p n , polar nodules; 
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case, when seen in valve-view (fig. 197 A), the particles are found to 
glide from the anterior (in the sense of the movement) polar nodule 
towards the central one, where they exhibit a slight massing, to be 
subsequently projected backwards and outwards as a fine thread 
forming an acute angle with the valve and terminating in another 
accumulation (fig. 197 A). When frustules in motion are observed in 
girdle-view, they are often seen to be surrounded by a zone of soft 
mucilage which narrows to a point at the two ends of the individual, 
as well as at the central nodules (fig. 197 B). The particles of sepia 
streaming from the anterior pole to the central nodule lie at the 
periphery of this zone (fig. 197 C), while the backwardly directed 
thread appears as in the valve-view. This thread is regarded by 
Muller ((144) (1893, 1894)) as an artefact due to agglutination of the 
sepia- or carmine-particles by the mucilage, whilst Lauterborn 
(014), <115) p. 113) interprets it as a special thread of denser mucilage 
protruded from the central pores and propelling the individual 
forwards. The very rapid movements of some Diatoms would, 
however, necessitate an excretion of mucilage at a rate and in such 
quantity as seems unbelievable; moreover, such a thread of denser 
mucilage has not so far been demonstrated by any method of staining. 
In many small Diatoms the thread-like arrangement of the sepia- 
particles is by no means always recognisable ((87) p. 134). 


According to Muller’s view the distribution of the foreign particles 
is an outcome of the streams in the raphe-system. The massing at the 
central nodule results from a slowing-down of the plasma-stream at 
the point where it penetrates into the narrow and wound canals con¬ 
necting inner and outer fissures (cf. fig. 194 F). At the posterior nodule 
with its much wider canals there is no such resistance and consequently 
no accumulation of the foreign particles. Liebisch ((118) p. 52), believing 
that the internal pectin membrane (cf. p. 565) altogether shuts off the 
protoplast from the exterior, is of the opinion that the fluid traversing 
the raphe is water. These water-streams, it is suggested, might arise 
by slight contractions of the protoplast in the region of the central 
nodule whereby water would be sucked in through the latter, while a 
slight undulatory contraction of the protoplast would serve to drive t e 
water through the inner raphe-fissure to the poles. At present, how¬ 
ever, no actual facts are available to support these hypotheses, an 
Cholnoky (27) seems to have given a fairly convincing proof of the lac 
that the raphe is an actual aperture by demonstrating the escape 01 
cytoplasm from it on treatment of the cells with hypotonic solutions. 


In the forms provided with a canal-raphe the phenomena are 
probably less complex and, where the raphe is continuous, there may 
be a simple cytoplasmic stream. The function of the ape u 
canals leading into this raphe from the interior of the ce\ t ^ 
obscure. The view, put forward especially by Schultze(*>4) 
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Pfitzer ((179) p. 177), that the movement of the cytoplasm in the raphe 
only admits of creepirg along a surface is negatived by the fact that 
for the performance of movements a substratum is not necessary; 
moreover, many Xaviculoideae exhibit motion when their girdle is 
in contact with a substratum, in which case any co-operation of the 
raphe on the valve-faces in a creeping movement is out of the question 
(cf. also (238 >). It seems unnecessary to discuss the older views, attributing 
the movement to the passage of osmotic currents through the wall 
(Naegeli, Mereschkowsky) or to the protrusion of flagella or pseudo¬ 
podia through the raphe (Ehrenberg, Cox, Butschli). 


The Protoplast 


The cytoplasm usually forms a thin lining layer which extends into 
all the open cavities within the wall and in pennate forms often shows 
a greater thickness at the poles (fig. 198 D, J). The vacuole is com¬ 
monly bridged by a conspicuous strand connecting the centre-points 
of the two valves and occupied by the nucleus (fig. 198 G); in pennate 
forms this bridge divides the vacuole into two parts (fig. 198 D, F, J). 
In many Centric Diatoms, however, the nucleus lies in the lining 
cytoplasm apposed to one of the valves and in such cases the trans¬ 
verse bridge may be lacking and the vacuole traversed by numerous 
fine cytoplasmic strands (cf. fig. 199 F). Movement of the cytoplasm 
is conspicuous only in Rhizosolenicn 38). Korschikoff (««o) has demon¬ 
strated the presence of contractile vacuoles in the cells of this genus 

(fig. 199 G, v), while Pascher(«66) has observed them during division 
in a species of Nitzschia. 

A very weak solution of methylene blue will bring out the nucleus 
in the living Diatom, staining it clearly before the rest of the protoplast 
is coloured. In shape it is rounded or oval or, in pennate forms, 
commonly reniform (fig. 189 E). The resting nucleus shows minute 
chromatin granules (fig. 204 K) and contains one or several nucleoli- 
local denser aggregations of chromatin granules often occur (u 3 ) (soj 
p. 501). In several genera (perhaps in all?) one or two centrosomes 
are found in the neighbourhood of the nucleus (cf. p. 61 1 and fie. 204.) 
In Sunrella ((**5) p. 54) (fig. 189 E, c), Cocconeis placentulat 47) and 

others(33) the centrosome lies in a hollow to one side of the kidnev- 
shaped nucleus. J 


The chromatophores x vary in colour from yellow to olive-green or 
brown Forms living in shade (e.g. the numerous mud-inhabiting 
species) are usually dark-coloured, whilst plankton-diatoms are often 
more or less lemon-yellow. Freshwater epiphytic forms may if 
organic nutriment is available, develop a green colour (3s). 2 Fluores- 

S ( / 57) ’ < 7 ,) * {9 °~ 92) : (,,s) P- 24 . ( 133 ), (160), (198). 

btanbury(zMfl) records chromatic adaptation in Nitzschia. 
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Fig. 198. Chromatophores, etc. of Diatoms. A, Triceratium antediluvianum 
(Ehrenb.) Grun., valves detached showing the pectin-membrane (m) with 
its markings. B f Xlelosira arenaria Moore. C, H, Mertdion circulare (Grev.) 
Ag., cells in girdle-view. D, Pinnularia major Kiitz. E, M, P, Gomphonema 
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cence has been recorded in various diatoms (3. ng). Melosira Roeseana, 
which commonly occurs on rocks subjected to trickling water and 
favours places with diffuse illumination (237), at times reflects a greenish 

light (202). 

With few exceptions the chromatophores are parietal. The majority 
of Centrales possess numerous chromatophores, taking the form of 
minute granules (e.g. Biddulphia , fig. 199 F) or, in other cases, of 
larger, sometimes lobed discs ( Melosira , fig. 198 B); they are usually 
apposed to the valves, but lie next to the girdles in the colonial forms. 
Among Pennales this type is not so frequently encountered, being 
found most commonly in the Araphideae, i.e. the less specialised 
forms ( Meridion , fig. 198 C, H; species of Fragilaria\ and the marine 
Synedras (60), fig. 207, H, 1 ). In certain species of Nitzschia there are 
numerous band-shaped chromatophores (go-92). 

In many of the more advanced Pennate Diatoms we find large 
plate-like, often extensively lobed chromatophores occupying a large 
part of the lining cytoplasm and not uncommonly perforated at 
various points (fig. 198). Where septa occur within the frustules, 
lobes of the chromatophores usually extend into the chambers pro¬ 
duced by them. Among Centric Diatoms this (placochromatic) type 
is found, for example, in some species of Chaetoceras and Sceletonema. 

The Achnanthaceae have generally a single chromatophore in the 
shape of a thick plate apposed to the convex valve which bears the 
pseudoraphe; in Cocconeis (fig. ,98 N, O) this may be richly lobed. 
In the Naviculaceae ( Pinnularia , fig. ,98 D; Navicula, fig. 198 J; 
Pleurosigma fig. 198 F, G) there are mostly two large plate-like 
chromatophores principally apposed to the girdles but extending more 
or less markedly on to the valve-faces, although leaving the line of the 
flu’ som< j[ ,mes the «wo are connected by a median bridge. 

chroLm T™* ° f Naviatla < fi g- ' 9 * K) have a single 

chromatophore apposed to one of the valves and spreading on to the 

often H S 1 7> ' Go, "t , * onema >98 E. M) likewise has only a single 
often deeply incised chromatophore, the median portion of which lies 

against one of the girdles, while the rest spreads over on to the valve- 

faces and most of the other girdle. In Nitzschia a similar state of affairs 

often obtains, although the side-pieces of the chromatophore do not 

parvulum (Kiitz.) Grun. var. micropus (Kiitz.) Cl. • E valve view - vr j 

view. N O. 

v, valve; wo, volutin. (A after Liebisch- r W ’ k- C CUS * P ’P yren ° ld: 

Heinzerling; J after Lauterbom; the'rt; a^ter G^itleV" = °* 1 ^ 
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exicncJ on to the opposite girdle; in some species of this genus, however 
the chromatophore is stretched out diagonally from keel to keel. The 
two chromatophores of Surirella (fig. 189 A, p, p. 572), apposed to the 
respective valve-faces, extend as richly lobed structures on to the girdles, 
whilst lobes also penetrate into the canals connecting with the raphe 
(ng. 189 D-F, />); as in Naviculaceae the two chromatophores are often 
connected by a transverse bridge (fig. 189 E). 

It must be realised, however, that in the larger genera there is often 
great diversity among the individual species. Thus, in Pleurosigma^ 94) 
there may be two almost entire plates (fig. 198 F, G), or two or four 
much-lobed structures or finally (P. giganteum, fig. 198 L) numerous 
small discs. Similar variations are found among the species of 
Achnanthes, Amphora, and Nitzschia. The movements of the chromato¬ 
phores of Diatoms in relation to illumination and during division have 
been studied especially by Senn (216-218). 

In a considerable number of cases the chromatophores contain 
naked spherical or lenticular pyrenoids ((196) p. 114) appearing as 
bright glistening bodies which often project from the internal face as 
rounded elevations (fig. 198 E, K, p). They are not commonly found 
in Centrales ((66) p. 537) and are variable in their occurrence, even 
among species of the same genus, in Pennales; thus, they are stated 
to be lacking in most species of Navicula, although present in the 
closely allied Pinnularia, whilst in Pleurosigma only some species 
possess them. In some cases there is a single large pyrenoid, whilst 
in others there are several ( Pleurosigma , Nitzschioideae, cf. also fig. 
198 N). 

Mereschkowsky(i26) records pyrenoids which had partially or entirely 
separated from the chromatophores, appearing as free colourless bodies 
on their inner surface; according to GeitlerU6), however, this observa¬ 
tion is due to confusion with oil-drops. Gomphonema parvulum var. 
micropus possesses a compound pyrenoid ((57) p. 49) consisting of a 
number of irregular polyhedral pieces (fig. 198 P), while double 
pyrenoids are known in Cocconeis (fig. 198 O, dp). 

The marine members of the Tabellariaceae possess very charac¬ 
teristic stellate chromatophores with central pyrenoids (94). In 
Grammatophora marina (fig. 199 B) there are only one or two, whilst 
in Rhabdonema arcuatum (fig. 199 A) they are numerous. In the latter, 
moreover, the pyrenoid is not homogeneous, as in Grammatophora , 
but consists of as many fragments as there are segments to the stellate 
chromatophore, one pyrenoid being located at the inner end of each 
ray. The same is the case in Striatella( 133.>98) (fig. 199 C), where the 
two chromatophores appear as half-stars, axially placed on either side 
of the nucleus (n). Such cases are possibly better interpreted as star¬ 
shaped aggregates of band-shaped chromatophores, with pyrenoids 

at their inner ends. 
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Surveying the chromatophores of Diatoms as a whole, it can hardly 
be doubted that the single large plate represents the primitive type 
which has gradually become lobed and divided up to form the 
numerous chromatophores present in many genera. The peculiar 



I'ig. 199. Chromatophores, etc. A, Rhabdonema arcuatum (Lynch) Kiitz 
stellate arrangement of chromatophores. B, Grammatophora marina (Lvngb.) 
s-iitz., single chromatophore. C, Stnatella unipunctata (Lyngb.) Air. D E 
Nayicula oblonga Kiitz. fission and displacement of chromatophores during 
division, D valve- and E girdle-views; D. on the left transverse division of 
chromatophore which has shifted to the valve-face, on the right the half- 

rtlTlIS Ph ? r *? 8 ™ W J‘ ng past L one anothcr (dotted lines those belonging to 
the other valve); E, the new chromatophores already occupying the greater 

part of the girdle-surface. F, Biddulphia pellucida Castrac., granular chroma! 

tophores. G, Rhizosolenia lotigiseta Zach., central part of cell, b line of 

chromatophore; c 9 chromatophore; /, leucosin; „ nucleus p 

"Sir ^^ f S.) K ' n ‘ ,en; C af,er SChmi,Z: E 
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minute granular chromatophores met with in many Centrales (fig 
x 99 F) and also found in some pennate forms are without parallel in 
other classes of the Algae. The most highly evolved type thus occurs 
in the Centrales, and this is in agreement with the marked structural 
complexity shown by their cell-membranes. 

The nature of the pigments contained in the chromatophores of 
Diatoms is yet scarcely settled. Apart from Kohl(106), who maintained 
that the pigments were the same as in higher plants, though occurring 
in different proportions, the older investigators believed that the usual 
pigments were masked by the presence of an accessory brown one, 
diatomin, soluble in water after the death of the cell and very similar to, 
or perhaps identical with, the fucoxanthin of Phaeophyceae. This view 
finds support in Kylin’s conclusions (113), who believes to have estab¬ 
lished spectroscopically the presence of the same carotinoid pigments 
as in Phaeophyceae, viz. carotin, two modifications of xanthophyll, and 
fucoxanthin x and / 3 . Molisch ((136), (137) p. 257), however, is of the 
opinion that Diatoms contain a brown modification of chlorophyll 
(phaeophyll ), similar to that which he assumes to be present in Phaeo¬ 
phyceae, accompanied by carotin and xanthophyll, as well as fuco¬ 
xanthin (Molisch’s leucocyanin). His phaeophyll is stated to change 
readily into chlorophyll after death. 

A considerable number of Diatoms are known to favour waters 
with some organic content and some (e.g. P/eurosigma) are found 
abundantly where extensive decay is taking place. In artificial cultures 
too provision of organic nitrogen (especially as asparagin and leucin) 
has proved beneficial(185.186). Some Diatoms, however, thrive in 
inorganic culture mediao73), although Allen(i) found that Thalassio- 
sira gravida only prospered in artificial sea-water if a small amount 
of natural sea-water was added (cf. also (68a)). He concluded that this 
was due to the presence in the sea-water of minute quantities of some 
specific substance essential for growth. According to Richter ((186) 
p. 94) Nitzschia palea, inter alia , does not multiply in pure cultures 
in the dark, no matter what organic material is provided. 

Karsten(96) established that certain forms ( Nitzschia palea, 
Hantzschia arnphioxys), when grown in organic solutions, showed a 
progressive decrease in the size of the chromatophores combined with 
a decrease in the intensity of their pigmentation; the reduction took 
place more rapidly in cultures exposed to light than in those kept in 
darkness, which Karsten ascribed to the more rapid multiplication of 
individuals in the former case and failure of the chromatophores to 
grow after division. At the time of Karsten’s investigations pure 
cultures of Diatoms were not yet feasible, and his results may be 
due to pathological causes resulting from the presence of Bacteria. 
Reduction of chromatophores in species of Nitzschia has been ob¬ 
served also by Cholnoky (22) and others. A number of species of this 
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genus normally occur as colourless forms in nature (N. putrida y 
N. leucosigma), chromatophores being completely absent (cf. do)); 1 
attempts to induce their development by appropriate conditions of 
culture have not been successful. 

A peculiar blue-coloured Navicula (iV. ostrearia), commonly found 
in oyster-beds and in tanks in which oysters are cultivated, has been 
investigated by Sauvageau and 0thersU5.n5.184.18g). The pigment, 
which is water-soluble, is found in the cytoplasm and the vacuole, but 
not in the chromatophore; it has nothing in common with the pigment 
of the Blue-Green Algaed7). The oysters that feed on this Diatom 
assume the blue colour. 


The products of photosynthesis would appear in the main to occur 
as drops of fatty oil which are usually conspicuous in the cells when 
plenty of nutritive material is available and often accumulate in large 
quantities when growth and multiplication are arrested (g). Side by 
side with them other globules (Butschli’s globules(.. S ) p. 30) occur 
which have been identified as volutin by A. Meyer (( 7 «> p. 18, 0*7) 
p. 139). They are faintly bluish with a dull lustre, do not stain with 
osmic acid, and are insoluble in alcohol and ether; in living cells 
treated with methylene blue they take on a deep reddish violet tint. 
In many cases the volutin-globules are distributed over the whole 
cell, but in others they occupy a definite position which is charac¬ 
teristic for the species. Thus, in Navicula cuspidata (fig. 198 J) and 
often also in Amphora ovalis, a large volutin-globule ( vo ) is found on 
either side of the central protoplasmic bridge, beneath the raphe, 
whilst in Nitsschia sigmoidea the globules occur at the ends of the 
chromatophores, 

Heinzerhng ((71) p. 19) showed that in some cases the contents of the 

S*° b “ leS . a ? re v ‘ scous and but that in others they are crystalline 

and doubly refractive. Kolbe ((.08) p. 7 ,) describes those of Navicula 
oblonga as consisting of a fat-globule enveloped by a thick layer of 

reappear ^ nUC,ear vision the globules usuaUy disappear buf 

leucosin fn cnsf V1 T n ' S COm P ,e Jf. d - Accordin g to Korschikoff(„o) 

. cosin (p. 508) is also present in Diatoms (fig. 199 G, /). The nucleus 

is commonly surrounded by small rods or plates « 7 .) p ,6 ( , IS » 

~ “ T rS <R V 97 C ’ 198 <«• '^ nature and^nc'ion of 

I h n h . unknown; they are well seen in some of the larger Pimiularias 

division" 8 *° LaUterbor " —r most abundantly during Zl 


COLONIAL AND EPIPHYTIC DlATOMS 

habit 8 ^^ Umber “ f °'T ms have adopted a colonial or epiphytic 

snh« , J r . r ° f the ,ndlvldu al frustules or attachment to a 
aubstratum be.ng effected with the help of mucilage, often se^“ed 

Prowazek s(i8t) Syntdra hyalin, i s pmhably a species of Nilzschia. 
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Fig. 200. Colonial and epiphytic Diatoms. A, Licmophora flabellata (Carm.) 
Ag. B, Synedra ulna (Nitzsch) Ehrenb. C, Grammatophora serpentina Ralfs. 
D, Asterionella gracillima Heib. E, Pinnularia soaahs Palmer, polar view ot 
a dividing colony, in the two middle cells division only beginning. F, Gompho - 
nema constrictum Ehrenb., girdle-view. G, H, Baallarta paradoxa Gmcl., 
G, drawn out ; H, contracted. I, Melosira varians Ag. J, M. Jurgensti Ag. 
K, Cocconeis placentula Ehrenb., lower valve. c 9 chromatophore; /i, process, 
m, mucilage; n 9 nucleus; s 9 mucilage-stalk. (D, I after West; E, J, K. a ter 
Hustedt; F after Pfitzer; the rest after W. Smith.) 
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through relatively large, readily recognisable pores (fig. 202 C, D, G, 
H, p). The modes of colony-formation are especially diverse in 
Centrales. 

Some of the commonest epiphytes occur attached along their whole 
surface, in Cocconeis (fig. 187 G, H) by means of the raphe-bearing 
valve, in Epithemia (fig. 191 A) and Amphora by means of the ventral 
girdles; in these cases the cementing material is difficult to demon¬ 
strate. In Cocconeis placentula, however, the lower valve bears minute 
processes-ffig. 200 K, h) which are stated to serve for attachment 
C<*33) pp. 46, 50). The connecting mucilage is likewise difficult to 
recognise in the filamentous colonies formed by many Diatoms 
(e.g. Melosira, Fragilaria , Eunotia (Himantidium ), etc., fig. 200 I), 
where the frustules are joined by a larger or smaller area of their 
valve-faces, although in many of the .1 Ielosiras with convex valves the 
intervening pads of mucilage are plainly visible after staining (fig. 200 
J, m). In a number of the marine pelagic Nitsschias only the apices 
of the frustules are joined together ((67) p. 129), while in the unique 
Bactllana paradoxa (fig. 200 G, H) the surface of contact varies as 
the frustules glide over one another (cf. p. 590). 


Pinnularia socialis(i<),it>2) forms four- or eight-celled colonies in 
which, however, the individuals are united by their girdles and not by 
their valve-faces (fig. 200 E). Division of individuals takes place as 
usual along the valvar plane, not necessarily at the same time in all the 
cells of a colony (fig. 200 E), but when all have divided the colony 
simply splits into two comprising the same number of individuals as 
the parent. As Hustedt points out, it is difficult to conceive how this 
peculiar type of colony originated in the first place. 


In many Diatoms the secretion of connecting mucilage is more 
localised. Familiar examples are the zigzag colonies of Grammato- 
phora (fig. 200 C), Diatoma , and Tabellaria (fig. 190 H), where the 
frustules are joined by mucilage-cushions (m) at the comers, the 
basal one being fastened in the same manner to a substratum (fig. 
200 C). In some Melosiras with marked mucilage-pads between the 
successive individuals the basal frustule may be fixed in the same 
J? a foreign object. In other cases ( Asterionella , fig. 200 D; 
J abellaria) the individuals are united by basal mucilage-cushions to 
orm characteristic stellate free-floating groups. Wesenburg-Lund (230) 
has shown that the colonies of Tabellaria and Diatoma are at first 
tound attached as zigzag chains, but later in the season appear in the 
plankton largely as stellate aggregates, so that the two types of colonies 
, victently related. In Gomphonema and some species of Cvmbella 
the individuals are borne singly fixed by their narrower ends (fig 
200 F) on a system of branched hyaline mucilage-stalks, attached 
to various substrata, whilst in the similar colonies of Licmopliora 



Fig. 201. Colonial Diatoms. A-C, Navicula ( Schizonema ) Grevillei Ag.; 
A, habit; B, single individual, valve-view; C, small part of colony enlarged. 

D. Sceletonenui costatum (Grev.) Cl. E, F, Bacteriastrum vanans Lauder, 

E, habit; F, p* rt of two frustules in girdle-view. G, Mention circulate (Grev.J 
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(fig. 200 A) the branches bear fan-shaped groups of frustules. 
According to Cholnokyus) the stalks consist of an outer envelope 
which surrounds a mass of mucilage in Cymbella , while in Gompho- 
nema there is an inner lamella which broadens out beneath each 
individual. In some Gomphonemas , as well as in Rhoicosphenia , each 
individual occupies the end of an unbranched stalk or mucilage- 
cushion and the same habit is seen in the bent frustules of Achnanthes, 
v^hich are often joined to form ribbons, and in many species of 
Cymbella. A number of Synedras occur attached in tufts by means 
of mucilage-cushions (fig. 200 B). 

Colonies of a different nature are seen in some species of Navicula 
(sections Frustulia, Schizonema , fig. 201 A-C), Cymbella (Encyo - 
nema) and \itzschia (Homoeocladiau 4 .4s)). Here large numbers of 
mdmduals occur enclosed in a common tubular mucilage-envelope 
which is sometimes richly branched; this condition is particularly 
frequent in marine forms. Within the envelopes the individuals are 
freely motile, but they can also occur as solitary cells. According to 
Karsten ((94), cf. also (234)) the first individual of such a colony secretes 
a wide tube of enveloping mucilage within which multiplication takes 
place the daughter-individuals producing more and more mucilage. 

Ioebius(i 34 ) and Cholnokyoo) record cases in which two distinct 
species occur within such colonies, while Germain ( 6 ,* describes the 
presence of A itzschias within the mucilage-tubes of Naviculaceae. 
In Cyclotella planctonica (fig. 201 I) the individuals are often found 

envrnr'K'r ^ 1 - mt 7 Va,S in a "' ide cylindrical mucilage- 

Urle nnmK r 1 ? Spe ? eS ° f ThaIassiosi ™ and Navicula ( Dickieia) 

evn,n^ bCrS ° f frustules ma y ,ie embedded in foliaceous mucilage- 
expanses. ° 

In other Diatoms the individuals of the colonies are united bv 

connecting^mucilage^ a " h ° Ugh ,here is “ doubt “ lso 

.JthfATiX ' the individuals arc-joined by interlocking 

the individ f P al ° ng the w,n 8 ed edges of the valves (fig. 20. M) 

of the lat er to ,h rcSe h nt ' ng "r'e" tl,eir girdles or ,heir ™lv<t. or the edges 
oair^ of ^ i hC ,° bSerVer (fig - 201 J * K) - As a general rule successive 
Tnd!t? ,n , d,V,duals are by alternate valve-edges (hg 20. K) 

A similar mode If*** * dg ? S f Hat * 1 *® conne cting mechanism is developed! 

of union is found in Melosira arenaria (fig. 201 H) and 


M r;J- CyC,0,dl y ,a ’T n ‘ Ca t- K. M. 
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other species of the genus where the teeth are, however, developed all 
round the edges of the circular valves. In hemiau/us the corners of the 
valves are produced into processes running parallel with the long axis 
of the individual, and at the tip of each process are claw-like spines by 
means of which adjacent frustules interlock (fig. 201 L). 

The marine genera Stephanopyxis and Sceletonema (fig. 201 D)(« 6 ) 
have the individuals joined by a number of silicified processes, very 
delicate in the latter, arising near the edge of the valve-face,’ each 
process being traversed by a fine canal through which no doubt the 
cementing material that joins their tips is secreted. In the case of 
Sceletonema costatum Karsten«, 3 > showed that the connecting pro¬ 
cesses develop to their full length only in moving water. A somewhat 
s'milar method of colony-formation obtains in Cyclotella socialisten), 
where, however, only loose and irregular aggregates are formed and 
the processes are not silicified. 

A different method of junction by means of outgrowths on the 
valves is seen in the widely distributed marine plankton-genus 
Bactenastrumteii) (fig. 201 E). Here the setae which arise in a ring 
rom the edges of the valves, at first run parallel to the long axis of the 

are inVr !|T S J lmm t d ' at J 1 y bend out at a right angle. The frustules 
cordon?^' th s , by the j° inin S “gt'her of the proximal 
(fie zoi Fl Th Se ‘ a !t ° n , adj . ace f valves for a considerable distance 
In K Th individuals of Chaetoceras (fig. 202 B) are joined 

of bne hmnsT e , ' Vay "r ""L hdp ° f ,he baSal pnrtions of th = Pairs 
whirh S h0rnS . ,hat arise from the poles of the elliptical valves tor) and 

fie 202 Fl° A P ° tb °f,° f ad j a «nt fma'nlrs cross one another 

0 8 ,; r >-. . A very remarkable case is afforded hy C. social,s (fig. 

ah the e K ° ne h ° rn ° f each individual is of enormous length 

convereine S m a PrOC?S t SeS h ° m * gr ° Up ° f fe "'- cel,e d colonies 

beine emhedd A P " here they are unitc d. the whole aggregate 
being embedded in a common mass of mucilageOM). g 

to a n subs n tratum na ' e f Dlat0mS <he mucila S e responsible for attachment 
L secreted r JO,n K g -° ne mdividual of a -lony ,0 another 

one oTbnlh „T gh r la ; 8e °, bv,ous P ores - usually placed singly near 

Of the wall whieh° f the va ves and general!, occupying thickenings 
Wa " ' vhlch Project markedly (cf. fig. aoa G) on the inner 

°^*“'kuT z S 'itl S', ^'ocera, social,, Laud. B, C. Cut,Hi, Cl. 
D, Tub,l,uriu f e„J" ra ^T^"!:'fy^ K of valve whh mucilage-pore ,p). 
pore (/>). E, I-K ThnlntJ, K P art of valve with mucilage- 

pores; J, girdle-view wi^miVr'? ^ ? valve-view showing 

the latter. F, Chaetoceras rw 1 a8e ' st {^ nd * h-. the separnte threads composing 

Pore. (A F l_i<r » J * . • £ ,ru,e * and H, valve-views. />, mucilaee- 
afier O. Miiiler.) ^ angm : B after Meunier; F after Karsten ; the rest 
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Fig. 203. Plankton Diatoms. A, Corethron Valdiviae (Schimp.)Karat., 
complete cell. B, Stephanodiscus Hantzschii Grun. P/an ^ 
(Wall.) Schiitt, valve-view. D, Fragilarta ^onensu (A. M.J' }£ diacus 

small colony in sepia showing mucilage-enyelop^ E,, ,■ P a ge _ 

Ehrenb.; E, colony; F, individual in valve-view G gchiftt; 

envelope (black). (A after Karsten; B, D after Schroder, 

E, F after W. Smith; G after Naumann.) 
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surfaces. 78.86,i S o). Thus, in Synedra (fig. 202 C) such a pore is 
found at either pole, while in Licmophora (fig. 202 G, H) there is 
often only a single one at the narrow end of the valve. Among Centric 
Diatoms obvious mucilage-pores are not always recognisable, but it 
can hardly be doubted that the fine pores which have been demon¬ 
strated in the membrane of several forms are the apertures through 
which secretion of mucilage occurs. In Thalassiosira, where the 
successive flat circular frustules are joined by a more or less delicate 
thread of mucilage arising from the centre of the valve-face (fig. 202 E) 
a large obvious mucilage-pore is detectable in this position in some 
cases (fig. 202 1 , p); in others there are groups of small pores in the 
centre of the valve, and in this connection it may be noted that in 
J . gravida the connecting strand has been shown to consist of a 
bundle of threads (fig. 202 J, K) held together by a sheath of 
cellulose(.») A freshwater species of this genus gives rise to occa¬ 
sional water-flowers (77. «o 9 ) due to the entanglement of oxygen-bubbles 
between the mucilage-threads. 


Plankton Diatoms 

*t ad f pe,agic ex «stence, and in the sea they are 
probably more abundant than any other pelagic plants UoS) Vhe 

tZT * nc ° untered pelagic Diatoms clearly adapt 

plankton tn^ny ' yP ' Cal ^ 

leaf' t'he f’i.h ^ dis,rib “ t<;d *•* oceanic 
hollow, Slightly silicified ’ wing dieted “/"pto'tnto'^ “ b ™ ad ; 

“3^Js he 2 o. e TTo?DTno Ce d 0f ^^f^e-envelopes in pla'nkton 
a°me of the species'of TaMlaria “he Indw.d'aUof^rsUr^h'aped 

3 
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colonies have spread out between them a delicate layer of mucilage 
(fig. 203 G) so that the whole has the character of a parachute (156,227). 
A somewhat similar device has been described for Chaetoceras 
decipiens (7) where a zone of mucilage extends around each individual 
in the valvar plane. The abundant fat often present in the cells of 
Diatoms must decrease their specific gravity. Plankton-diatoms often 
have more delicate valves than the bottom-living forms. 

The Pennales are represented in about equal numbers in marine 
and freshwater plankton, and it is the great preponderance of 
Centrales in the sea that gives the plankton not only its special stamp, 
but is also in the main responsible for its extensive development. The 
colder seas are richer in pelagic Diatoms than the warmer ones. In 
the oceans a marked horizontal stratification of the diatom-plankton 
is often recognisable which is in part probably related to the diverse 
capacity for flotation, but in part also to an attunement to different 
light-intensities. Thus the Discoideae (p. 640) are usually found in 
deeper water than the Solenoideae with their better equipment for 
floating. In the Indian Ocean, where temperature-effects scarcely 
come into play, the surface-plankton consists of Chaetoceras , Rhizo- 
solenia , etc., while in the deeper water one finds shade-forms like 
Planktoniella and other Discoideae (98,101). In northern waters 
plankton-diatoms are not found in any quantity below about 90 metres, 
although in tropical seas they may be found at a depth of from 


200 to 400 metres. 

There is a marked difference between the oceanic plankton, small 
in amount but with numerous species, and the neritic plankton near 
the coasts where the larger supply of nutritive salts admits of a more 
copious development and certain Diatoms characteristic of the 
littoral region and washed in from the adjacent land are to be en¬ 
countered. In some regions (e.g. the west coast of Africa), however, 
ocean currents are respo sible for bringing abundant nutriment to 
the surface, and this is iccompanied by the development of a rich 
diatom-plankton. Pearsall (174) has shown that in the case of fresh¬ 
water plankton also the maxima of Diatoms are evidently related to 
the influx of abundant nutritive material into the water. In northern 
seas there is usually a marked maximum with many different genera 
( Thalassiosira , Coscinodiscus, Chaetoceras , Sceletonema) in the ate 
winter or early spring, and there is often a second maximum in late 
summer or autumn. Rhizosolenia and Chaetoceras are the most 
important forms, of which the latter precedes the former which 
found into the summer. Biddulphia occurs especially in the autumn 


( 7 2(1' **6). 
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Cell-division 

The usual method of multiplication of Diatoms is by means of 
successive division (0.5) p. 58) which takes place generally at night 
and always transverse to the longitudinal axis of the individual (i.e. in 
the valvar plane). An increase in the volume of the frustule, con¬ 
ditioning a slight separation of the two thecae, is followed by mitotic 
division of the nucleus (fig. 204 B, C) and a gradual fission of the 
protoplast from without inwards in a plane parallel to the valve-faces 
(fig. 204 C, D). Thereupon new siliceous valves, at first very delicate, 
are formed over the fresh protoplasmic surfaces (fig. 204 E). The new 
valves (v) are situated within the girdle of the parent-frustule, but 
as the new connecting-bands develop, those of the parent separate. 
1 hus each daughter-individual consists of a new and an old half, the 
connecting-band of the old valve overlapping that of the new. 

r ?k e< T r> l he h >'P°theca of the parent becomes the epitheca of one 
of the daughter-individuals. Since the valves when once mature are 
incapable of growth, one individual of each successive generation 
Connie to K be ^°^. redu ced in size by the double thickness of a 
forms (cf 1 Vbibj ^ StatCment is n0t strictl y true > however, for all 

The process of nuclear division has been mainly investigated in 
Pennales and was first fully studied in Surirella Capronii « by Lauter- 

to hu'^n V ° S n0t su PP orted 3,1 his conclusions. According 

marked bv the commencem ent of nuclear division in Surirella ft 

which erL^ v P o ” n ° f thC ce S tr ° s ? me <P- 593 ) from the nucleus 
wnicn gradually assumes a rounded form and, together with the 

entmsome slowly passes to the broader end of the frustule (fig. 

radiations T™* SUrrounded b X marked cytoplasmic 
in it* • L g ' 2 ? 4 B .’ C ^ and SOOn 3 second small body is recognisable 
n its neighbourhood which Lauterborn believed to originate from 

enlargemrn 7 and y d,V -T >n - This k second b °J>' undergoes appreciable 
form thr^r?fil n '? ^ bec ° me arran g ed « monili- 

spireme while fhe B ’ V wh 1 Icblat 5 r form 3 sm °oth, much coiled 
menTlkto he n Cral T le ° h dlsa PP e3r - As the spireme seg- 
fibres 2 Tch ut nUmerOUS J chromosomes, the cylindrical group of 

e r L h S T lgmated from th <-' above-mentioned second body 
wh.Vh 1 tH nuclear cav,t y and forms the spindle (fig 20a C \I A 

g with a circular cross-section. The spindle is therefore extra- 
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nuclear in origin. Simultaneously the centrosome itself disappears, 
two new centrosomes being gradually constituted at the broad poles 
of the spindle. The loop-like chromosomes which are now longi¬ 
tudinally split, become grouped in a hollow ring at the equator and 
their halves diverge in this form (fig. 204 N), the aperture of the ring 
gradually narrowing as the poles are approached. Within the daughter- 
nuclei the chromosomes slowly become resolved into the numerous 
chromatin granules that are characteristic of the resting nucleus. In 
many of the Diatoms that have been investigated the chromosomes 
are short rod-like structures (cf. fig. 204 H). 


The peculiar features of the preceding account of nuclear division 

in Surirella are that the spindle is extranudear in origin and that it is 

supposed to wander into the nucleus prior to the separation of the 

chromosomes. Karsten(gs) was unable to recognise a centrosome at 

times other than those of division and he came to the conclusion that 

the spindle is formed from the centrosome itself (cf. also (9a) p. 50). 

Geitler s description of somatic nuclear division in Cocconeis placentula 

((47) p. 520) is in essential agreement with this (fig. 204 F-J) and he 

found some support for the view that the centrosome penetrates into 

the nucleus in the early stages of mitosis (fig. 204 J). In most other 

Pennate Diatoms investigated, both by Lauterborn, Karsten (90-92), and 

more recent workers (23,54.58,60,124.235), a definite centrosome has been 

unrecognisable even during division, although the usual occurrence of 

cytoplasmic radiations about a definite point near the nucleus has been 

taken as evidence of its presence ((103) p. 5). The same is true of Ikari’s 

account (89) of nuclear division in Coscinodiscus (cf. also (74), (195)). 

Recently, however, Cholnoky(33) has recorded the occurrence of cen- 

trosom es in diverse Pennales (cf. fig. 204 K, O, c) and it seems probable 

tnat these structures may be universally present in this order, although 

owing to their small size they are only to be found after very careful 
fixation. 


Cholnoky ((26), (32) p. 101, (33), (336) p.704) is probably right in 


bom? A ? U -} v ! s * on - , A ~ E - L ~N, Surirella Capronii Brib. (after Lauter- 
diSoAr 1 -?^ J uld,v r idual : preparation for division; C, nuclear 
o e£ ? dividing from below upwards; D, nuclear division com- 

bands ° f prot °P ,a r st complete; E, formation of new valves (r). girdle- 

develon^t- S M arating; u L ’ nuc ! eus ,n prophase, extranudear spindle (s) 
viewed P fmm ’ met ? pha 5 e « s P mdIe has penetrated nucleus; N, anaphase 
(after OStl* \ ne .P°\ e- Cocconeis placentula Ehrenb. var. lineata Cl. 

viewed F ’, G ’ pro P hase ’ H > "letaphase; I. equatorial plate 

lengthening ‘ C ‘ Pl ac f**tula var. klinographis Geitl., centrosome ( c ) 

Cholnokv)*mirIHi nUC i ear ., Ca ^ l ^ r * Gyrosigma acuminatum Rabenh. (after 

Ehrenb (afS^Choln^ \" ,th "|? t,ng nucleus - °> Gomphonema capitatum 

d, line of fission f h lnoky ^* P r °phase. c, centrosome; c/i, chromosomes; 
J new vafve of p ~topl M t; g. girdle; n, nucleus; or, old valve; r. spindle! 
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denying the extranuclear origin of the spindle in Diatoms, and for 
diverse forms it seems clear that the spindle is formed in a way not 
differing materially from that of other Algae, except perhaps for the 
usual presence of centrosomes (cf. also (9«) p. 51). These, when 
present, appear to divide and to take up the usual position at the poles 
of the spindle (fig. 204 O). A reinvestigation of Surirella would 
probably, with the better methods now available, afford results in 
line with this conclusion. The peculiar mode of spindle-formation in 
Diatoms would scarcely have been so long accepted had the work 
on Surirella not been undertaken by so excellent an investigator as 
Lauterborn. 


In Biddulphia sinensis (193) and diverse other Centrales (19s) Schmidt 
records an intranuclear spindle whose beginnings have not been traced. 
In his earlier papers he describes a very special type of spindle and 
other peculiar features in these forms, but in a recent contribution (196*) 
many of the earlier statements are withdrawn. Although the spindle 
is not specifically dealt with, one may doubt the accuracy of the earlier 
description, the more as Cholnoky’s recent study(33*>) of nuclear 
division in Melosira arenaria (fig. 205 F-I) displays a perfectly normal 
spindle. Centrosomes were not recognised here. The spindle in many 
Centrales appears to lengthen progressively during mitosis. 


Richly lobed chromatophores usually become somewhat simplified 
prior to division by the drawing in of many of the lobes (36. The 
two large chromatophores found in many Naviculaceae undergo 
transverse division and shift to the valve-faces either before (fig. 
199 D) or after division. When the new valves have been formed the 
half chromatophores grow obliquely past one another and then 
gradually assume their normal position on the girdles. In Synedra 
ulna , according to Senn (217), after transverse division of the chromato¬ 
phores which are here apposed to the valves, one half remains in 
situ, whilst the other gradually shifts over the girdle on to the new 
valve-face, in the meanwhile growing to its mature size. Sing e 
chromatophores usually undergo longitudinal division. When t ere 
are several chromatophores, each daughter-individual receives some 
and the normal number is restored by subsequent division (see (160)). 


In many Diatoms fission of the protoplast commences simultaneously 
around the whole periphery and gradually extends to the centre, u 
in Surirella (fig. 204 C) it commences at the narrow end of the trwwi 
and gradually advances to the broad end. In the former case si ici 
lion and the differentiation of the sculpturing on the valves advan 
centrifugally. The new connecting-bands are formed after the %ai 
and are apposed to the inner side of the girdle of the old 
calary bands (p. 573), when present, are formed subseque , y the neW 
connecting-band and valve and, when several are p 1 ’ t _f orme d 

ones are always .developed between the valve an 




Cl iidi t h ° n T a - pa r? du m (KUtz > Grun - var - rnicropus (Kiltz.) 

g-L-Sa* 3 C J° ne deX J Ved fr ° m 30 auxos P ore S A. in April; B, in July; 

(Katz iRatnh 2 " 1 ' de ? ree / ?J enlargement in all three). D, Eunotia pcctinalsi 

ofSS^; T; m,n ° r (Katz.) Rabenh. E, Scheme of division in a colony 

F Dronha^• **** s J* cccsa, Y e individuals. F-I, Melosira arenaria Moore; 

T' V" d ° f T’' : I '“ na P has '- (F-IafterCholnoky; 
alter rntzer from Geitlcr; the rest after Geitler.) 
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intercalary band, so that the intercalary band next to the girdle is the 
oldest. Growth of the girdle in the pervalvar direction is accomplished 
by the addition of ring-shaped pieces. Except in a few cases all the 
markings, etc., of the new valve, including the processes met with 
especially in Centrales, are developed before the two new individuals 
separate. 

The mode of origin of the warts, spines, etc., present in many forms 
on the outside of the membrane has been a matter of controversy. 
Muller(150) believed that they were formed with the help of a small 
quantity of protoplasm remaining between the two new valves, while 
Schutt(2i2,2i3) denied this and was of the opinion that the cytoplasm 
in question passed out through the pores which were assumed to occur 
in the membrane, and formed an extracellular layer (cf. also (219)). 
The existence of a continuous external protoplasmic layer is, however, 
improbable in most cases, although Karsten(g8) has produced some 
evidence for its presence in Planktoniella Sol (fig. 203 C), where 
cytoplasm appears to emerge through large marginal pores and to give 
rise to the characteristic wing. According to Muller the silicified 
processes, connecting the cells in such a form as Sceletonema (fig. 201 D), 
originate in protoplasmic bridges arising from the intercellular cyto¬ 
plasm as the new individuals separate; these bridges are supposed to 
persist sc that the protoplasts of successive individuals are connected. 
Such protoplasmic continuity Muller believed to exist in many colonial 
Diatoms. It still remains doubtful whether the centrifugally developed 
outgrowths on the wall of many Centric Diatoms are not formed by the 
internal cytoplasm, since they are often apparently penetrated by a 
canal which is probably occupied by cytoplasm. Moreover, the long 
processes of such forms as Rhizosolenia and Chaetoceras (fig. 202 B) 
appear as small prominences long before the new valves are fully 
differentiated; they exhibit rapid growth in length and probably reach 
their full size before the valves are completed ((««) p. 9 °)- 


Cell-division and Size 

As above mentioned, while one individual at each division is of the 
same size as the parent, the other is smaller (i.e. narrower) to the 
extent of the double thickness of a connecting-band. 1 Geitler(s7> as 
recently given a considerable quantity of data as to the rate of decrease 
in size in cultures. As instances it may be mentioned that single-cell 
cultures (clones) of Gomphonema parvulum var. micropus, started witn 
individuals recently produced from auxospores, had in little over tw 
months decreased to about three-quarters and in five months t 
three-fifths of the original length of the apical axis ofthe^w 
(cf. fig. 205 A-C); in the case of Eunotia formica a decrease to about 

1 Cf. (121), (130), (132), (179), (>87). 
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two-thirds took place in five months. 1 In some of the smaller forms 
division may take place at daily or even shorter intervals, although 
in the larger ones it is no doubt less frequent. 

It is probable that in many cases all the individuals of a given 
generation divide with approximately equal frequency, so that if a 
population derived from a single parent-individual is measured the 
average size is the arithmetic mean between the largest and smallest 
individuals. If the successive individuals of decreasing size are 
indicated by the letters of the alphabet, we have: 


Parent-cell 
1st generation 
2nd 
3rd 
4th 
5th 


1 > 


»» 


»» 


a 

1 

1 

1 

1 

1 

x 


/ 


2 

3 

4 

5 


1 

3 

6 

10 


1 

4 

10 


1 

5 


This is known as the binomial law. It will be noted that, as division 

continues, the average size of the population shifts progressively to 

sma er and smaller dimensions. This method of division has been 

demonstrated for Nitsschia linearis by Miquehm), while Hustedt(86> 

nas established it for Eunotia didyma var. elegantula and Achnanthes 

r ™>pes by a study of the individuals composing the colonies (cf. also 
(57) and fig. 205 E). 

frn !" r" n [ 5bon - sha Ped colonies, which must of course have originated 
frnm I f ,nd, vidual, the sequence of division can be recognised 
all indiv^ Cha i ra !. te ^ tIC relat,on of the two valves of an individual. If 

hypo thecae of ^ "? th CqUal ™ shall always find the 

jus? menl n > f ad J acent Pustules in contact, as in the case of the species 

of anv vene %• ^ however, only one of the two individuals 

individual h dlv ' des we sha11 fi " d that at certain points adjacent 
epitheca and hu epit ^ eca and hypotheca in contact. If e represent 

by the following ^heme?:' ' He meth ° ds of division arc indicated 


I 

eh 

/ \ 

he 

eh he eh he 


II 

eh 

/ \ 

eh he 

/ \ I 

eh he he 


will alvvav??!^^!^ 31 ‘ n d»viduals at the extremities of such colonies 

was able^o^t 6 f 6 u pi } hec ^ e facin 8 outwards. In this way Mailer0 4 °) 

division ohta..! abll k h t J“ t ,n Melosira arenaria the second method of 
^ s, the larger daughter-individuals of any generation 

decrease in'^wollld s'llwen’ ° W ‘ n8 ^ rapid " te ° f division - the 
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dividing more frequently than the smaller ones, which give rise to 
daughter-individuals only at every alternate division period. By this 
means the rate of decrease in size is slowed down and Hustedt ((87) 
p. 100) suggests that such a condition may occur especially in thick- 
walled forms where the rate of decrease in size of the smaller individuals 
is of course particularly rapid. To judge by Geitler’s work (57), however, 
such cases are probably the exception. 


The normal rate of decrease in size is somewhat slowed down by 
the fact that the thickness of all parts of the wall (including the 
connecting-bands) decreases with the size of the individual ((57) 
p. 12, (130)). The change in dimensions is almost entirely due to 
shortening of the apical axis, the transapical one exhibiting in pro¬ 
portion a much smaller decrease and sometimes scarcely any at all, 
while the pervalvar axis decreases but slightly and often remains 
practically constant (cf. also (223)). 1 These facts altogether disprove 
the existence of any marked capacity of the valves to enlarge such 
as has been assumed by some investigators (59.61). In view of the 
rigidity imposed by the always mature epitheca of the new individual, 
it is indeed difficult to conceive how this could occur. Where silicifica- 
tion is slight, there may be some enlargement by intussusception, as 
perhaps occurs in Nitsschia Closterium forma minutissima where pure 
cultures extending over two years showed no marked reduction in 
size(ia). But for the vast majority of Diatoms such growth is no 
doubt altogether impossible (cf. (20), <S6) p. 67). Geitler ((57) p. 86) 
has drawn attention to the fact that in Eunotia pectinalis var. minor 
(fig. 205 D) the connecting-bands have an arched contour so that the 
new valves formed during division are as large as those of the parent, 
with the result that there is no decrease in size. This case at present 
stands isolated. 

The reduction in size of a population is compensated sooner or 
later by the formation of so-called auxospores , a process in which the 
protoplast escapes from its rigid envelope and during which a return 
to maximum dimensions is rendered possible (131). Geitler(s7) has 
shown clearly that in Pennate Diatoms auxospore-formation only 
takes place when the individuals have reached a certain reduced size 
(8*5 /x in Navicula seminulum), and that below a certain minimum 
(5*5^2 in the case cited) it likewise fails to occur; such small individua s 
continue to divide until a limit is reached, the ultimate generations 
often showing various abnormalities and simply perishing, t is 
significant in this connection that in the above-mentioned species ot 
Eunotia with cells of constant dimensions no auxospores have been 
observed. Among Centric Diatoms, too, formation of auxospores 


1 According to Richter (.87) this is not the case in Nitztcjna 
pervalvar axis lengthening as the apical one shortens, so 
remains constant. This is, however, very doubtful (cf. (57> P- «* 3 >- 



AUXOSPORE-FORMATION (CENTRALES) 


617 


only takes place in individuals of a certain range of size. 1 It must, 
however, be emphasised that decrease in size is not likely to be 
the only factor conditioning auxospore-formation, especially in the 
numerous cases among Pennate Diatoms in which a sexual fusion is 
involved. The factors are no doubt in part environmental, as in the 
similar reproductive processes of other Algae ((32) p. 100, (57), o 3 o) 
p. 521, (132) pp. S4, 174). It seems, however, that these forms do not 
reach the state (tonus) admitting of auxospore-production until a 
certain size has been reached. 

In nature the formation of auxospores is comparatively rare, and it 
is owing to this fact that various authorities have felt compelled to 
assume a power of enlargement on the part of the individual diatom. 
It must however, be realised that the rate of decrease in size is com¬ 
paratively slow and for Synedra ulna Hustedt ((86) p. 68 ) calculates that 
more than 1000 divisions would be necessary to reduce the size from 
the maximum to the minimum, a number hardly likely to occur during 
a single period of vegetative activity. According to Skabitschewsky (220) 
tour to five years elapse between two periods of auxospore-formation 
in Melosira baicalensis. Xipkow(i S7 ), examining the successive sedi¬ 
ments m Swiss lakes, found that there is a gradual decrease in size 
spread over a number of years (two to five in the case of Stephanodiscus 
Hantssc/m .four in 7 abellana fenestrata), followed by a brief phase of 
auxospore-formation. Fragilaria crotonensis only showed auxospore- 

0 n T‘l T ‘rr ,' 8 yearS - In Mdosira var. hehetica, 

n the other hand, the latter process Occurred at frequent intervals 

Like other investigators Xipkow noted abundant division in the first 

period succeeding auxospore-formation. Karsten ((on p. ^3) comments 

au xo ;^ l C;l^ , S aPPearanC ' ° f ^* “iatom-popuUion after 

% 

Auxospore-formation in Centrales 

ri^i Pr ° dUCti0n auxos P° rcs *" Centric Diatoms is a comparatively 
f‘ P P i r ° CeSS 3 , nd - S n0t de P endent on any association of individuals 

•He 

sa 2-2 

individual, more or less appreciably larger thin the mr* ^ ^ 

; s f r"cT« rcly by ,he 

See (.5). (200), (224), ( „ 6) . cf however ( 


1 




Fig. 206. Auxospore-formation in Centrales. A C, Biddulphia _ 

Bail.; A, escape of protoplast; B, secretion of first and C, • 

D, Melosira nummuloides (Dillw.) C. Ag. thread before (*) <andlifter « 
auxospore-formation. E, Triceratium anUdxluvianum (Ehrent k Grnn^th 
two auxospores. F, Melosira vanatis Ag. G, Af. Jurg g » 
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The process is very simple in Melosira ((92) p. 213, (154), (159), (191)). 
In M. varians , in which auxospore-formation is comparatively frequent, 
and in M. Jurgensii (76) the spore occupies part of the epitheca of the 
parent-individual, whilst the opposite rounded end projects into the 
hypotheca (fig. 206 F, G, a). In other species of the genus (e.g. 
M. numtnuloides), however, the auxospore lies altogether outside the 
thecae of the parent (fig. 206 D). The new individuals produced from 
the auxospores commonly remain within the continuity of the parent- 
thread, but in M. Jurgensii , for example, the hypotheca and the rest of 
the attached thread falls off, so that the auxospore is terminal (fig. 
206 G). In some species (e.g. M. arenaria) the pervalvar axis of the 
auxospore is inclined to the valvar plane of the parent-individual 

(76, 220). 

The process of production of auxospores was studied fully in 
Biddulphia mobiliensis by Bergon(«4>. Here division of the cell 
immediately precedes the formation of auxospores, the two daughter- 
protoplasts without producing new valves escaping from those of the 
parent (fig 206 A) and forming a pair of spores. The latter of course 

cell % aaTtu mgin i g t0 thC res P ective valves of the parent- 
f 6 A ~ C h rhe nucleus («) at first lies adjacent to the outer 
face of the spore (fig. 206 A, B) where the first valve (v) is secreted • 

hef ‘ Wa /? dcr V° u the ^r face (fig. 206 C) and this is followed by’ 
the iormation of the second valve (v'). * 

soores m rm- y ^ the long of Parent-individuals and auxo- 

spores coincide, but in some species of Chaetoceras (e.g. C. cochlea) 

the auxospore arises laterally on the parent-cell (fig. 206 K L) and 

0 e th n eTn C0l0ny P J oduced from k stands at right angles (fig. 206 J) 
to the long axis of the parent (88. ,70.208). The epitheca of the first cell 

fofthSr®" 1 '"I SUch A cases,acks the Pairof long horns, typica 

taLs nlfc! 31 ^- A “™ i,ar lateral formation of auxospores 

takes place in some species of Rhizosolenia (209). F 

Among the numerous special cases mention may be made of 

WeretU ldlSCUS E . hrenber S“^*\ an epiphyte attached by the epitheca 
Here the protoplast covered by the hypotheca is gradually raised aloft 

au y xos;^rf^eTT ilag t S,alk ^ 2 ° 5 J) ^ ofThth ,h 

hypotheca l t * ft ? r * he P roto P last has withdrawn from the 
yP (fig. 207 H). In Tnceratium (Amphitetras ) anted,luvianum 


resclp^of ‘proioplatr^'r^T H - auxospore; 

Schiitt, product of auxospore g (a! P fom°f eCI W-h Chaetoceras medium 
K. L, C. cochlea SchS^ K auxosoo^ f W^idicubr to main thread, 
spore; c, chromatophore • epitheth f °h^ of first valve - auxo- 
nucleus; p, perizonium; v’ valves fA-C *“ 1 "'A "} ucila Ke-stalk ; 

E after Liebisch; F after West’ • O «frJ w £ ? OI ) J D after W - Smith ; 

after SchUtt.) * * G after Hustedt ; H. I after Yendo; the rest 
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(117), a cosmopolitan marine form, a great elongation of the connecting- 
bands takes place prior to spore-formation and the girdle is later 
ruptured irregularly by the enlarging auxospore (fig. 206 E). 1 

As regards the increase in size brought about by the formation of 
auxospores in Centric Diatoms, Muller (154) gives the relative dimen¬ 
sions of spores and parent-cells as 1 : 2—2-6 for Melosira islandica 
and 1 : 3-4-4 for M. italica , the last probably representing the 
maximum increase that will be found to occur (cf. also (220)). 

Karsten (92) found that the nuclei of the young auxospores in 
Melosira nummuloides contained two nucleoli, whereas in the vegetative 
cells there was only one, although Geitler ((57) p. 201) was unable to 
confirm this. Karsten interpreted his observation as indicating a 
suppressed nuclear division during the formation of the auxospores 
in Melosira and believed he found similar evidence in Sceletonema 
((92) p. 218). Recently various cases of nuclear division during 
auxospore-formation in Centrales have been reported. Thus, in the 
young auxospores of Melosira arenaria , Cholnoky (33 &) records the 
presence of three nuclei, one larger than the other two which gradually 
degenerate (fig. 214 D, E). The single large nucleus is regarded as 
possibly representing a fusion-product. Persidsky (176) has likewise 
shown that the young auxospores of Chaetoceras contain four nuclei 
(fig. 214 I) and believes he has established that they are formed 
meiotically. The possibility of a reduction division and of subsequent 
autogamy cannot be denied, but further research will be necessary 
to substantiate this clearly (cf. also p. 637). 


Auxospore-formation in Pennales 

Karsten (100.101) regards the process of auxospore-formation in the 
Tabellariaceae (Fragilarioideae) as the simplest among the Pennales 
and believes that it establishes a definite point of contact with the 
formation of auxospores in the Centrales. Geitler ((57) p- 200), on 
the other hand, regards it as a derived process and possibly a P°^ m °VS. 
In Rhabdonema arcuatum {94. 120.222) an older cell provide wi 
numerous intercalary bands undergoes division without formation o 
new valves on the part of the daughter-protoplasts (cf. liiddu p 1 
mobiliensis and fig. 207 A). The latter secrete abundant ™Y c,la & e 
whereby the two thecae are pushed apart, and within this env P 
each enlarges in a direction perpendicular to the long axis o 
parent-cell (fig. 207 B) and secretes a perizonium (/>)• 

In Rhabdonema adriaticum ((94) p. 3 2 » (,,6> ) * he yP ° n ,. me rous 
auxospore-forming frustule (fig. 207 C, D) rapi y secre . .- ua l s (f) 
intercalary bands (*'), differing from those of the normal individuals («) 

1 For other literature on auxospore-formation in Centrales, see (2), «S , 
( 74 ), ( 9 «), ( |2 S), (« 2 9 ), <« 3 °), (167-169), ( 2 °S), (206). 




Fig 207. Auxospore-t 
Wiabdonema arruatum 

a< * r *<*ticum Kutz • (' r> „_• r - —w- rv . V o. ^ 

m D protoplast with'two nuclei r° n ° f accessor > intercalary bands («'); 

spore. F, Grwnmato^^^’ „ ° n< i °/ t t . hese extruded; E, mature auxo- 
"ffinis KUtz.; G H^two , *"« (Lyngb.) Kutz., auxospore. G-I, Syne,Ira 

I. germinating auxospores j n H with divided Protoplast ; 

b “ ndS: ”■ “«inuWurrSiu^TrX° rcS: '• 


pore-formation in Fragilarioidcae (all after Karsten) A H 

(L^gb.) Kiitz.; B with moturc "uxo/pTr." ' C-E. 

vith two* i . l 7 na * ,on of accessory intercalary bands (i '); 
ith two nuclei, in C one of these extrude! • P .. ... 
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in the lack of sculpturing and the absence of ingrowing septa (p. 575); 
as a result the hypotheca within which the protoplasm accumulates 
becomes widely removed from the epitheca. The nucleus now divides, 
the two resulting nuclei being unequal in size (fig. 207 D). The 
smaller of the two is gradually extruded from the protoplast (fig. 
207 C) which then escapes within an envelope of mucilage inside 
which the perizonium is secreted (fig. 207 E). In this case therefore 
only one auxospore is formed, although the division of the nucleus 
into two perhaps indicates a derivation from the type found in the 
other species. 

In Grammatophoradoo.ixb > the process is very similar, but nuclear 
division only occurs after escape of the protoplast, and in later stages 
the two nuclei are found close together (fig. 207 F). Karsten assumes 
that they subsequently fuse, but for this there is no evidence and it 
is equally possible that one subsequently degenerates. The auxospore 
adheres to one valve with the help of mucilage, but there is in this 
case no complete gelatinous envelope. In all the investigated Tabel- 
lariaceae there is thus a nuclear division associated with auxospore- 
formation, although it is only in Rhabdonema arcuatum that this leads 
to the production of two spores. 

Synedra affinis, the only species of the genus in which auxospore- 
formation has yet been certainly recorded, like Riiabdonema arcuatum 
produces two auxospores from a single individual after division of the 
protoplast (fig. 207 G, H). Karsten ((91) p. 33, (101) p. 192) observed 
that during the subsequent elongation of the young auxospores (fig. 
207 I) a nuclear division occurred, although the resulting nuclei soon 
fused again, and he regarded this as a case of autogamy (cf. p. 631). 
The evidence for nuclear fusion is, however, unsatisfactory. 


In other families of Pennales auxospores generally result from a 
union of naked amoeboid protoplasts derived from distinct individuals, 
a method that is only readily possible in forms endowed with the 
power of movement. It has been established in various cases that the 
ordinary individual is diploid and that reduction-division occurs 
during the formation of gametes, and it is more than probable that 
this is true of all Pennales. Many variants of the process of auxospore- 


formation have, however, come to light(sz.87.io3.«o4.iis). 

In many of the Biraphideae (except Surirelloideae) each of the 
conjugating individuals furnishes a pair of gametes and two auxospores 
result from the sexual fusion. This method was first fully studied by 
Klebahm.o 4 > in Rhopalodiagibba (cf. also (a»>). Here two individuals, 
often of unequal size, become apposed by their ventra gir es 
(fig. 208 A), being united by pads of mucilage (m) secreted at 
poles, while the contracting protoplasts secrete mucilage leading 
a gradual separation of the halves of the frustules (cf. fig. 208 B). An 
each protoplast two successive nuclear divisions (fig. 208 B, ) 




?° S \ Auxospore-formation in Pennales 
md.v.duaJs). A-G, Rhop'dodiagibba ( E hreib ) O M?" n >'° P a ™‘- 

m the others the valve-view A ' U ‘ Mul1 * ,n B the girdle-view 

Of fiirdle-bands, con,™ “on' at £££££*£,? 
gametes, abortion of one nucleus in ejc“ D " UC fe i; C> division into 

t "° individuals at a stage between that in n ’ f j , "\, E ’ P roto Plasts of the 
stage slightly later than B; G mature auxinn C * & °" c P^toplast at a 
(Ehrcnb.) kUtz. var. saxonua (Kutz ) Grun^ H*' i!*’ *’ E P ,l,,e ”‘‘<> ~tb ru 
diy,duals ln girdle-view, with divided ’ H> * h « nv ° copulating m- 

yalve-view. J. K , Denticula . fusion - P«ent-ceUs ?n 

spores, a. auxospore; m, mucilage; n nuclei’ fus,on . : . K - niature auxo- 
( A ~G ^ter Klebahn; the rest after Ceider.) ' Pyren0,ds ^. Perizonium. 
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Fig. 209. Auxospore-formation in Pcnnales (two spores fro ^V ^° \ 

individuals). A-C, Gomphonema parvulum var. micropus (K ■) 
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which presumably bring about reduction, after which two of the 
resulting nuclei (fig. 208 C, E, n) gradually diminish in size. Each 
protoplast now divides into two, the division-products later lying one 
in front of the other along the apical axis (fig. 208 C). The mucilage- 
envelope then becomes protruded opposite each half-protoplast 
(fig. 208 C), and within the gelatinous bridges thus formed the 
undifferentiated gametes from the respective individuals fuse in pairs 
(fig. 208 D) to form two zygotes which lie between the two parent- 
individuals. 1 he small nuclei soon disintegrate completely, whilst 
fusion of the larger ones is delayed for some little time. The zygotes 
elongate markedly perpendicular to the apical axis of the parent-cells 

to form the auxospores and each becomes enveloped by a perizonium 
(fig. 208 G). 

Essentially the same method of auxospore-formation has been 
observed 1 w Amphora ((57) p. 205, 0,8) p. 37), Epithemia <«,) (fig. 208 
H I), and DenUcula ((57) p. 165) (fig. 208 J. K). In all these cases the 
behaviour of the two gametes is identical even though they be of 
unequal size as easily happens if one parent-individual is larger than 
the other. I he resulting auxospores in such isogamous fusions are 
always elongated at right angles to the apical axis of the parent- 
individuals (hg. 208 G, K). * 

Quite commonly, however, the process of sexual fusion is aniso- 
gamous, one of the two gametes formed by a conjugating individual 
being passive, while the other is active. A zygote is therefore produced 

e™:,:;: 0 c ( ztz* z^ als —">■ >»■ 

caps (r), on the left a valve (v) of one of !h , auxospore with the polar 

(Ehrenb.) Van Heurck; D, gamete fnmioJl" i°r N * Cyrubella lanceolatu 
right-hand cel.; E. fusion of one^r o gTmetes F ,h* ° Ver th « 

spores, that on the left not fullv developed H i' ’ T z >KOtes; G. nu.xo- 
copulating cells, H shows the first I the J o 1 P Car divisions in the two 
of two of the four nuclei; K-X * COnd , d,v *°n. *"d j. the abortion 

Grun.; O. a zygote on the left, two gametes on^th k’ u \ >tzsc,l ‘° / O, ‘t>cola 
zygotes. Q. R, Gomphonenu, gmina™*?*! 1 ,hc n K ht : p . pair of mature 
division; R, diakmesis. S, T Crmbella Jt'tl /? lctapllasc of heterotype 
s. diakinesis; T. anaphas’e. «. au^po/e of zv .T Pr,) Grun - 
mucilage; n, n\ nucleus; s (in \) mucihee 11 >K ° te * centrosome; m, 

s. T after eholnoky : ,h c after ctK; ' ' ’ " (Q ’ R » ft " ''-Ver! 
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In the case ot (Jomphonema (cf. also (.28)) (fig. 209 A) the mucilage- 
envelope is attached by a mucilage-stalk (r) to the substratum, so that 
one individual appears to seek out the other which remains adhering 
to its stalk ; moreover the two frustuies are here always inverted with 
respect to one another, the apical end of the one being next to the basal 
end of the other (fig. 209 A). Division of the protoplasts ensues, after 
the two nuclear divisions bringing about reduction have occurred, and 
always takes place along the valvar plane, i.e. the one along which 
vegetative division occurs. Subsequently, however, the two half- 
protoplasts alter their position, coming to lie one in front of the other 
along the apical axis (fig. 209 A). It is probable that this applies to all 
forms in which two gametes are produced per parent-individual (cf. 
also (91)). 

Conjugation takes place successively between the gametes of the 
two individuals, one gamete first passing from a to b, whereupon the 
other gamete of b passes over to a (cf. figs. 209 D, E, and 210); in 
Gomphonema the conjugation is crosswise, as the figures show. In 
Anomoeoncis sculpted) and Cymbella lanceolate (49) a difference of 
size between the two gametes produced by an individual has been 
observed (cf. fig. 209 D, E), and it has been stated that the smaller 
is the active one. More recently, however, Geitler(s7) denies that 
there are any constant differences in size between active and passive 
gametes. Quite commonly the two conjugating individuals are of 
unequal dimensions, in which case the small gametes of the one 
function respectively as active and passive gametes. 

Ocitler is, moreover, of the opinion that the anisogamy in all these 
forms is only apparent and that it results from the fact that one gamete 
matures earlier than the other and that copulation takes place within 
the confines of a relatively tough mucilage-envelope. Where the latter 
is softer ( Nitxsc/iia jonticola (57) p. 170; Achnanthes longipes (91) p. 43 ) 
the zygotes show no regularity in their position and moreover are 
characteristically spherical (fig. 209 O, P) by contrast to their elongate 
form in the other case. The conclusion that it is not a sexual differentia¬ 
tion that is responsible for the apparent anisogamy does away with the 
necessity of assuming the existence of a bisexual condition in the 
conjugating individuals (cf. also (32) p. 101) for, if there were sexual 
differentiation, one gamete of an individual would be male and the 
other female, and it would further be necessary to assume self-sterility 
to account for the absence of conjugation between the two gametes 
belonging to the same individual. 

In a limited number of cases each conjugating individual produces 
only one gamete, the zygote lying either between the two parents 
(fig. 211 O) or within one of them (fig. 211 J, Q); in the latter case 
we probably have true physiological anisogamy and m Coccon ? 1 * 
placentula var. pseudolineata(*7.s7) this is generally combine wi 
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morphological anisogamy, the individual furnishing the active 
gamete being usually smaller than the other (fig. 211 P). The sexes 
in such cases are not, however, genotypically determined (cf. p. 44), 
since individuals of a clone will always copulate; it may be that sexual 
differentiation already exists when the individuals come together or 
it may only arise during the reduction-division. Isogamy is known 
™ Surtre i lla (9s.99) (fig. 211 A-C), Achnanthes flexella (( J3 «) p. 260) 
Rhoicosphenia curvata(26), Eunotia (< s7 ) p. 72, («*)), and certain 
varieties of Cocconeis placentula (47) (fig. 211 N, O), as well as in 
C. pediculus (47..20). Anisogamy occurs in the above-mentioned 
variety of Cocconeis placentula and in Navicula seminulum (( S7 ) p. 38) 



Fig. 210. Gomphonema parvulum Grun. var. microbus Cl Mis¬ 
representation of the course of sexual fusion fafter GeUlef). 
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<3..« it is of a different namre ,0 hat'fo™ Ht CC ° rdi T Ch °>"<*y 

vegetative individuals. In some cases f ° r attachme ™. etc., by 

forms a narrow 
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Fig. 21 x. Auxospore-formation in Pennales (one spore from two 
individuals). A-G, Surirclla splendida Kutz., A-C, conjugation; 
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the mucilage-envelope is lacking, and occasionally in Cocconeis placen- 
tula ((47) p. S 2 7« (os)) (fig- 211 N). In Surtrellalvs) the two individuals 
become apposed by their narrow ends being joined by a cushion of 
secreted mucilage (fig. 211 A). In various cases(3«) the two conjugating 
individuals have been shown to be sister-cells (so-called pedogamy ), 
but this is certainly not the rule. In stalked forms like Gomphonema 
and Rhoicosphenia one of the two individuals is often devoid of a stalk 
and has clearly approached the other by active movement (cf. also (91)). 
In the case of Rhoicosphenia, CholnokyU6) states that the two con¬ 
jugating individuals are either sisters or one (regarded as male) wanders 
into the mucilage-envelope of the other (the female). Where one or 
two large chromatophores are present the commencement of the 
process of auxospore-formation is often marked by a movement of the 
former from the girdle onto the valve-faces(9.). According to Geitlet 
((57) p. 209, also (3*)) isogamous fusion takes place slowly, whereas in 
cases of amsogamy it is very rapid, often only occupying a few minutes 
(ct. fig. 210). In various cases Karsten<9«> records a fusion of chromato- 
phores and pyrenoids in the zygotes. 

“T, o° f <he " UdeUS has been definilely observed in 

cZb!ua P l , a , (S / 'T‘ fi g- * D-G), NitJchia subtilis (so, 
Cymbelhlanceolala <(„>. fig. 2 o 9 K-N), C. cisiula «„>, <IoS) , fig. 20 o 

b, I) Gomphonema geminatum ((.*8), fig. 2 og Q, R), Cocconeis 

placentula ((47), fig. 211 L), and Rhoicosphenia curvata <.•> whUe 

number of have been recorded in a considerable 

number of other forms. A particularly detailed study of the process 
has been undertaken by Geitler(49> and Cholnoky(33K In all Except 

aborting. Z B, 

ever, only one of the two nuclei formed at the firct r • • ' ■ 


kinesis, penetration of spindle into nuclearC?" u Spmd,e; F > de¬ 
gating on spindle. H-K Navieula r * f °* chron 'osomes aggre- 

J. .ygot.; K. .uxo S p„ r ^"Cot™;”rt”L O • 

var. klmoraphis Geitl.; L, early staceofLnin, c occoneup/acentu/.i Ehrenb. 

on right diakinesis; M, the Zme “righthJnH* ■!} UC, 1 ei ° n le ft in synapsis, 

two small nuclei; N, fusion - O d individual with one large and 

Gdtl. ; P fudo °Q y °“"“ * UX R P ' R - «r 

of the parents, a, auxospore • ce centnE ’ R ‘ aux ° s P ore > w «*h three valves 
”• " ’ nUCW 1 Spind,C: (A-G 
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The supernumerary nuclei do not in all cases degenerate, one of 
those formed at the first division being sometimes extruded with a small 
quantity of cytoplasm (e.g. Cocconeis, figs. 211 O, 212 A, e, Navicula 
seminulum). 1 Geitler(s7) no doubt rightly regards the extruded nucleus 
as an abortive gamete, the formation of two gametes per individual 
being regarded as probably primitive. Moreover, in some cases one or 
other of the supernumerary nuclei fails to degenerate and is to be found 
within the mature auxospore; thus, Meyer(i28) in Gomphonema gemina¬ 
te™ occasionally found zygotes with three equal nuclei. A similar 
condition observed by Geitler ((47) p. 535) in Cocconeis placentula var. 
klinoraphis is due to the occasional conjugation of three individuals. 
The fate of such triploid zygotes has not been established (cf. also (95)). 

The products of fusion in all cases become enveloped in a membrane 
and possibly as a general rule pass through a brief resting period 
((26), (31), (57) p. 210) before the enlargement to form the auxospores 
commences. When this happens, the zygote membrane is in the 
majority of cases ruptured and remains as two polar caps at the 
ends of the auxospore (figs. 208 K, 209 C, 211 ~l, c) or more rarely 
undergoes gelatinisation. In these cases the perizonium is a new 
membrane. It seems, however, that the zygote-membrane some¬ 
times persists and gradually enlarges to form the perizonium. As a 
rule the latter probably undergoes silicification when it has reached 
its full size and, though commonly smooth, may exhibit transverse 
markings similar to those of the ordinary individuals (fig. 208 

G, K). 

In Riioicosphenia Cholnoky(26) describes division of the contents of 
the zygote to form two auxospores, but Karsten(io2) considers that his 
figures are open to the interpretation that conjugation in this genus 
takes place either between single gametes or between pairs of gametes, 
one or two auxospores being produced. In Cocconeis( 47) the auxospore 
is raised well above the substratum on a mucilaginous stalk (fig. 212 A). 
Liebisch (<n8> p. 58) points out certain resemblances between auxospore- 
formation and the craticular stages above discussed (p. 575 )- 

The secretion of the valves of the new individual, after the enlarge¬ 
ment of the auxospore is completed, invariably takes place successively 
(figs. 211 C, 212 B), the epitheca being probably in all cases 
first (also in Centrales); frequently this formation of valves is combined 
with movement of the nucleus first to one face and then to the other. 
Geitler ((57) p. 211) draws attention to the fact that the first va ve 
develops no connecting-band and that this valve is usually arched, so 
that the first individual (often also called an auxospore) is asymmetric 
in girdle-view (fig. 212 C, D). The next division thus fiords two 
individuals of unequal width (fig. 212 E). The characteristic markings 
of the species are often only realised after a number of generations. 

* Cf. the case of Rhabdonema adriaticum, described on p. 622. 
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Autogamy is probable in a few cases, but in none of these are the 
data quite adequate. In Achnanthes subsessilis Kiitz. ((94) p. 43) there 
is no approximation of individuals, but the protoplast divides into two 
uninucleate portions (fig. 212 F). In later stages Karsten found only 
a single protoplast with double the number of chromatophores and 
approximated nuclei, presumably about to fuse (fig. 212 G). In 
Amphora Normaniiss') the auxospore is likewise formed by a single 
individual, the process commencing with a division of the single 
chromatophore and of the nucleus (fig. 212 H), the two nuclei later 
fusing within the enlarging spore without a segregation of the proto¬ 
plasts having taken place (fig. 212 I, J). A second nuclear division 
was not observed in either of these cases, but Geitler ((57) p. 198) 
considers it probable that it has been overlooked (cf. also the case of 
Synedra discussed on p. 622). 

A considerable number of examples of apogamy have come to light. 
In Surirella gemma ((101), (118) p. 45) two individuals enveloped in 
mucilage each form an independent auxospore and the same occurs 
in Cymatopleura (9s), 1 Libellus constrictus (90), 2 and some species of 
Cymbellad 97). There is, however, not always an approximation of 
individuals. In Cocconeis placentula var. hneatai 47) such approxima¬ 
tion usually occurs (fig. 212 K, L), but not invariably; in this case 
Geitler was able to show that there is no reduction of chromosomes, 
although there are two nuclear divisions and the first shows a distinct 
synapsis and diakinesis stage (fig. 212 K M). West ((a 3 «) p. 269) 
recorded the formation of auxospores from single individuals en¬ 
veloped in mucilage in Navicula amphisbaena (fig. 212 N) and 
Pinnularta viridis (fig. 212 O), the protoplast swelling up and escaping 
as the single spore. This authority was of the opinion that production 
ot auxospores without conjugation was much the commonest method 
among Pennales, but recent investigations with their abundant 
records of the occurrence of a sexual fusion appear to indicate that 
the former condition is rather to be regarded as the exception. It is 
not impossible too that the cases of apparent apogamy in the two 
species just mentioned, which are merely based on casual observations 
will prove on reinvestigation to be of a different nature (autogamy 
In Baa,liana paradoxa, Karsten (94.. o failed to find any evidence of 
nuclear division in the formation of the auxospore from the single 


! Pfitzer (C«79) p. 119), however, recorded sexual fusion in Cymatotleura 
solea, one of the spec.es in which Karsten describes apogamy. > N 
Cf. however (57) p. 198. * 8 y 



Fig. 212. A, Cocconeis place,,tula Ehrenb. var. klinoraphis Geitl., young 
auxospore with fusion nucleus and extruded nuclei ( e) at the base of the staiK. 
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The Microspores of Centrales 

These structures were first recorded by Murray(.55) in 1896, who 
observed within the cells of Coscinodiscus concinnus and of species of 
C haetoceras a number of rounded protoplasmic masses in multiples 
ot two which he interpreted as reproductive cells. Gran in 1902(6.0 
recorded similar bodies in Rhizosolenia stylifomiis and in 1904. 
((66) p. 536) in Chaetoceras decipiens (fig. 213' I, J), where two sizes 

year Bergond3) recorded 
motile spores in a species of Chaetoceras , while Schiller (.90) like Gran 
described two types of microspores in C. Lorenziaman (fig. 213 K L) 
A more detailed account was published by Bergon in 1907 of the 

rrr„ 0f , m , ,cr °r rcs ln Biddut P hia mob.liensis (,4>, a species in 
,' h Had j! read .y r< l corded them in 19020,). He described the 
, fmStuleS ' ^ter division of the protoplast 

non J { s P ori >ngia separated from one another by arched 

12 rounded Dm,o m | aneS (fig ' "A? B) and givin ® rise “sually to 
32 rounded protoplasmic masses (hg. 213 C, s) which were liberated 

as swarmers with two laterally attached elongate flagella (fig. 213 D E) 

(fifr.f£anr en< *r’ repor,ed “Sx 

(hg. 2^ F) and, on rather slender evidence, suggested that they were 
motionless gametes. In 1914 Pavillard ((.6 9) p. 167) reported the 

pear-shaped swarmers with two equal anterior 
• 8-213 H) in a marine Coscitiodtscus , some of the swarmers 

“ “os 

latter to the number of eight in a cell (fig. ^ C)!° AfterTh^fim 


valve (*•) on auxospore. C-E. 
division; E, division F r 4 1 V. C ’ ai “ os P or «: D. the same prior to 
protoplast; G. rygote (?)' Zc,T"H '' ? div “ i °" •» 

Rabenh., possible autogamy H divfsion Hf 5 Amphora Nomiani 

with two and J. with one Ideas K-M °^ hroma ‘°Phore; I, auxospore 
lineata Cl.; K, approximated indiviH .,.1 ’ Co . cconets Pl»centula Ehrenb. var. 
in prophase; L, S >' na P sis - ^ght 

amphisbaena Bory and O. Pinnularia vHdis K^ *" diak,nesis ‘ N . Navicula 

N 0 U a C ft a8 w”' nu ^ leus : P> chromatophore; t- vaf vTTf'c' ,?* au ^ s P ore 5 
O after West; the rest after Geitler.) ’ (F» G after Karsten; 



Fig. 213. Microspore-forxnation in Centrales. A-E, Biddulphia mobiliensis 
Bail, (after Bergon); A, development of the two sporangia; B, division > n 0 
four; C, 16-celled stage; D, development of flagella; E, swarmer. F, Coretnron 
Valdiviae Karst, (after Karsten), with microspores. G, H, Gojcinoaucu* sp. 
(after Pavillard); G, microspore-formation; H, swarmers. I, J, Chaeocer 
decipiem Cl., two stages of microspore-formation (after Gran). , * 

C. Lorenzianum Grun. (after Schiller), two types of microspores, tr, chromato- 
phore; /, flagellum; m, microspore; n, nucleus. 




MICROSPORES OF CENTRALES 


635 

division a pair of flagella is recognisable on each of the products. In 
some cases extrusion of chromatophores from the developing micro- 
spores was observed (fig. 214 C). so that the latter became colourless 
(cf. Pavillard). Naked bodies provided with chromatophores and 
four flagella were found outside the cells and were interpreted as 
zygotes (fig. 214 A, B). As Geitler(s6) points out, Schmidt’s figures 
give the impression that the phenomena noted by him might be due 
to the presence of a parasite, possibly one of the Chytridineae, and 
the same may apply to Pavillard’s observations. The only point that 
speaks in favour of Schmidt’s interpretation is that he observed the 
formation of new valves and connecting-bands within his quadri- 
flagellate zygotes (fig. 214 B); such cases may, however, be due to 
the engulfment of an entire small individual. 

Later the same author(i92,i94,io5) investigated the microspores of 
Biddulphia sinensis, a common plankton form in northern seas, forming 
sporangia in the way described by Bergon. The accompanying cyto- 
logical data have been largely withdrawn in his most recent paper(ig6a) 
after being strongly criticised by others versed in the interpretation of 
the cytology of Diatoms(56). Schmidt believes that there is a reduction 
of chromosomes during microspore-formation, but neither in Bid¬ 
dulphia, nor in Melosira, have any of the essential features of a reduction 
division been described. 


There is some evidence for the occurrence of reduction during 
microspore-formation (cf. fig. 214 K, L) in Coscinodiscus . In 
C. bi conic us, which forms 128 microspores by successive division, 
Honcer(73) counted twice as many chromosomes during the first five 
divisions as in the last two, although no distinctive phases of a 
reduction-division were observed. It would thus seem possible that 
meiosis takes place during the last two divisions in the cells forming 
microspores although Schmidt (.96) places it at a much earlier stage 
On the whole it cannot be said that any really satisfactory proof of 
a reduction during microspore-formation has yet been provided. 

i he diverse data above taken under review (cf. also (.05) p. 68) 
afford little evidence that the microspores are of the nature of gametes, 
since fusion has so far only been inferred and not actually established. 
‘ l0re0Ver - 11 *. s probable that in various cases a confusion with 
parasitic organisms has occurred. This statement must not, however 
be taken as a denial of the existence of microspores which are clearly 

Sm»i h 5 d f met 1 hod ° f multiplication in the Centrales. What 
remains doubtful is their fate. If the occurrence of reduction during 
their formation were clearly substantiated, the sexual nature of the 
can n!? 0 ? wouId b * rendered very' probable, but their exact role 

Murmw P T? y d, / eCt observation of living material. Both 
Murray(,ss and Karsten (00 p. i 74 ) have recorded microspores of 
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Fig. 214. Microspore-formation in Centrales. A-C, Melosira varians Ag. ; 
A, B, two cells of a thread and “zygotes’* forming new valves (cf. text); 
C, formation of microspores with extrusion of chromatophores. D, E, 
Melosira arenaria Moore, nuclei in young auxospore, D a later stage than E. 
F-J, Chaetoceras borealis Bail., successive stages in auxospore-formation (?); 
F, synapsis (?); G, diakinesis; H, first nuclear division; I, stage with four 
nuclei; J, supposed fusion-nucleus (/) and two degenerating nuclei (n). 
K, L, Coscitiodiscus apiculatus Ehrenb., meiosis; K, synapsis; L, diakinesis (?). 
c y chromatophore; k> caryosome; w, microspore; w, nucleus; v , valve; 
z, zygote. (D, E after Cholnoky; F-I after Persidsky from Geitler; the rest 
after Schmidt.) 
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Coscinodisctis, in part already provided with new valves, in part still 
dividing, as occurring in large numbers in structureless mucilage 
(cf. also (2is)) and a similar case is described by Bergon ((12) p. 135) 
for Cyclotella. This may imply a direct development of microspores, 
although Karsten regards such cases as examples of apogamy. 


Geitler ((57) p. 11) has drawn attention to certain observations 
recorded by Went (229) and overlooked by later workers. Went describes 
how on a certain day the Atlantic plankton included as the only Diatoms 
two forms of Chaetoceras. of which the larger was invariably found to 
be forming microspores, while the smaller form showed no trace of 
division. These smaller individuals were, however, surrounded by 
swarms of flagellated cells corresponding in size to the microspores 
produced in the larger ones. Went suggests that these swarmers were 
microspores and that the undivided individuals of Chaetoceras sur¬ 
rounded by them were females about to be fertilised by the former. 
While this observation is also open to other interpretations (cf. (33 b) 
p. 7 * 6 ), Went’s suggestion may prove to be correct and may explain 
why so tar no one has ever seen fusion among the microspores. At the 
same time it should be recalled that Gran ( 66 ) and Schiller (190) found 
two types of microspores in Chaetoceras. 

Against the inadequate evidence for the occurrence of reduction 
during microspore-formation we must place the data referred to on 
p. 620 which seem to imply a reduction during auxospore-formation. 
Persidsky(i76), investigating auxospore-formation In two species of 
Chaetoceras, found that it took place with a probable reduction- 
division, both synapsis and diakinesis stages (fig. 214 F, G) being 
recorded, although the former is perhaps rather questionable. Persidsky 
believed that two of the four resulting nuclei (fig. 214 I) subsequently 
aborted, whilst the other two fused (fig. 214 J). ChoInoky(33 b) has 
recently produced data indicating a similar state of affairs in Melosira 
arenana (fig. 214 D, E). The mere fact of division of the nucleus into 
four suggests a reduction-division. Both these investigators regard the 
microspores as asexual reproductive cells. Geitler ((57) p. 12) points 
out that in one of Persidsky’s figures three of the nuclei are smaller 
than the fourth (cf. fig. 214 I) and that the evidence for nuclear fusion 
is not convincing. He suggests that possibly Persidsky’s stages may 
mark the reduction-division in a female cell to be fertilised after the 
manner suggested by Went’s observations. Microspore- and auxospore- 
formation are not, however, found to synchronise as far as present data 
go, but to occur in different phases of the life-history. 


Whatever may ultimately prov6 to be the correct reading of all 
these facts, it now seems clear that the Centrales are diploid like the 
Pennales, and the view that the former were haploid, which held sway 
tor some little time on a rather inadequate basis, may be regarded 
as^ot historical interest only. 1 On any interpretation the sexual 

(07> assum , ed that in Corethron reduction took place in the germi- 
nauon of the supposed zygotes, but in a recent paper ((.03) p. IO ) he appears 
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wX d h ri V f e f K PrOCeSS WOU 'r d u ppear '° be s P ecialised as compared 
with that of the majority of the Pennales. H 

Subdivision of the protoplast to form a number of rounded masses 

rr//^ e l n r . eC ° rded am u ng , PennaleS m Eunotia ^naris (is) and in Suri- 
rella spiralis(232); in the latter case the structures in question were 

prodded with thick walls (fig. 215 A). Recently Kolbe ((.08) p. 99) has 

met with similar stages in Nitzschia vitrea and concludes that they are 

due to a division and agglomeration of the chromatophores into rounded 

balls in which the apparent nuclei are pyrenoids. This explanation can, 

however, hardly apply to the case of Surirella where the structures in 

question make altogether the impression of being reproductive bodies 

(hg 215 A). However that may be, it seems clear that they are not 

or the same nature as the microspores of Centrales. 


The Resting Stages of Diatoms 

Auxospores are not resting stages, but a means of rejuvenescence. 
Very little is known as to the manner in which Diatoms persist from 
one period of activity to another. In the case of pennate forms we 
must assume that this is usually accomplished by surviving vegetative 
individuals, although resting spores have been recorded in Fragilaria 
and Achnanthes taeniata ((101) p. 195). Many Diatoms are known to 
be capable of withstanding considerable drought (cf. (8), (87) p. 171) 
and they are also resistant to cold (130). According to Petit (178) they 
can withstand gradual drought, the protoplast then withdrawing to 
one end of the cell. Even after several months in this condition 
complete recovery is possible. 

In Centric Diatoms, especially among the pelagic forms, definite 
resting spores have frequently been observed. In Attheya Zachariasi 
(201,20s) and in Chaetoceras(b+, 66,67.98,207) the protoplast contracts to 
the centre and secretes successively two thick-walled valves, no girdle 
being formed (fig. 215 B, a-d). In Chaetoceras the valves lack the 
characteristic horns of the vegetative cells, though often provided 
with elaborate processes (fig. 215 C). These are present, however, 
only on the epitheca; the later-formed hypotheca is smooth. The 
spores of Melosirai 64.154) are formed in pairs after a cell-division 
(fig. 215 E). In the species of Rhizosolenia(is 9 ,zoi.v>s.v&) one or two 
thick-walled spores arise after a strong contraction of the protoplast 
(fig. 215 D, j). According to Schulz(205) spore-formation in Attheya 

and Rhizosolenia is preceded by a nuclear division and an increase in 

• 

to have abandoned this doubtfully founded view, since he speaks of the 
Diatoms as being uniformly diploid. It is presumably on this view of Karsten s 
that Hustedt's statement ((87) p. 9) is based that the Centrales are haploid and 
that reduction occurs in the zygote, for which there is at present no reliable 
evidence whatever. 
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the number of intercalary bands in one theca. The germination of 
these spores has so far not been observed. 

In certain Centrales of the oceanic plankton a marked dimorphism 
of the individuals has been established (see (87) p. 129), the one form 
being much coarser than the other and clearly less well adapted to a 
planktonic existence. Thus, in RJtizosolenia hebetata(bb) the winter- 




paradoxum t'h nirZ?* Kutz \ spore-formation. B, Chaetoceras 

valve ?^ S "! C V St T S m s P or ®' dev elopment; a, 6, formation of first 
C Chnht', develo pe d spores, c from the surface, d in optical section. 

»*. SdS5f£.ft“ ^ r rE“" 8 „T° r " (,) ' <A ’ ° af " r W ' S ' : 

form has broader f ™stules with much thicker walls than the 

v^s oTt S hLT, r r Ver k the f ?, rme " lacks the lon 8 s P ines found on the 
EucambL h^l A s “ niIar dimorphism has been observed in 

’ u Vher f 1116 thick - wa lled form inhabits much 

in ail such lu 6 863 r thC thin - walied ^e. It is probable that 

from Zf _ th « “"ser form represents the means of perennation 

condition istn <*****““ aCtivity l ° the other(66) P A similar 
condition is known for the freshwater Melosiras (34). 1 

1 For other examples of such dimorphism, see (.53), (*03), («6). („o). 
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Classification and Interrelationships of Diatoms 

The classification adopted by Hustedt(8 7 ) and Karsten(.oi), which 
appears to correspond best with our present knowledge of the class, 
is as follows (nomenclature based on Hustedt): 

A. Centrales: Valves with centric structure, markings not arranged 
along two lines; no raphe or pseudoraphe; no movement. Chromato- 
phores commonly numerous. Auxospores apparently formed without 
conjugation. 

(а) Discoideae: Cells shortly cylindrical or disc-shaped; valves 
circular, hyaline, areolated or with radiating striations, usually without 
special processes ( Arachnoidiscus , Coscinodiscus, Cyclotella, Melosira, 
Planktoniella , Sceletonenia, Stephanodiscus, Steplianopyxis , Thalassio- 
sira). 

(б) Solenoideae: Cells elongate, cylindrical or subcylindncal, 
circular or broadly elliptical in cross-section; girdle complex, with 
numerous intercalary bands ( Corethron , Dactyliosolen, Rhizosolenia). 

(c) Biddulphioideae: Cells box-shaped, valves with two or more 
poles, mostly provided w’ith horns or bosses ( Attheya , Bacteriastrum, 
Biddulphia, Chaetoceras , Hemiaulus, Isthmia , Terpsinoe, Triceratium). 

( d ) Rutilanoideae: Valves naviculoid ; markings radially arranged 
or irregular ( Rutilaria ). 

B. Pennales: Valves isobilateral, medianly zygomorphic, or less 
frequently dorsiventral, never centric; valve-view mostly boat- or 
needle-shaped, with markings arranged pinnately in relation to a raphe 
or pseudoraphe ; movement in many forms ; chromatophores commonly 
large and few; auxospores (except in Araphideae) normally formed by 
conjugation. 

I. Araphideae: Only a pseudoraphe present. 

(e) Fragilarioideae: l II. III. Valves mostly straight, rod-shaped or 
lanceolate ( Asterionella , Ceratoneis, Climacosphenia , Diatoma, Fragilaria, 
Grarmnatophora, Licmophora, Meridion, RJiabdonema, Striatella, Synedra, 
Tabellaria). 

II. Raphidioideae: Showing the beginnings of a raphe, extending 
for a short distance from the polar nodules; no central nodules. 

(/) Eunotioideae: Raphe on one (Peroniaceae) or on both (Eu- 
notiaceae) valves ( Eunotia , Peronia). 

III. Monoraphideae: Fully developed raphe only on one valve. 

(g) Achnanthoideae: Frustules crooked or suddenly bent in the 
girdle-view; one valve with a pseudoraphe only ( Achnanthes , Cocconeis, 
Rhoicosphenia-). 

1 This group is probably artificial, since some of the forms may be 
primitively devoid of a raphe, whilst others (e.g. Synedra) may have lost it 
secondarily. 

2 Karsten refers Rhoicosphenia to the Naviculoideae. 
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IV. Biraphideae: Both valves with a fully differentiated raphe. 

(A) Naviculoideae: Raphe occupying the apical axis, usually 
without a keel, but when a keel is present, without carinal dots ( Amphi - 
pleura, Amphiprora, Amphora, Cymbella, Frustulia, Gomphonema, 
Gyrosigma, Mastogloia, Navicula, Pinnidaria, Pleurosigma, Stauroneis). 

(«') Epithemioideae : Raphe not occupying the apical axis, some¬ 
times on an excentric keel, without carinal dots ( Denticula , Epithernia, 
Rhopalodia). 

(» Nitzschioideae : Both valves with a canal-raphe, situated in a 
keel lying on the valve-face and often excentric, with carinal dots 
( Bacillana , Cylindrotheca , Hantzschia, Nitzschia). 

(k) Surirelloideae: Valves with two lateral wings occupied by the 
canal-raphe, the latter connected by canals with the protoplast 
(Campy iodiscus, Cymatopleura, Surirella). 


The two main orders of Diatoms clearly show marked differences 
and these have at times led to a suggestion that the resemblances may 
be due to homoplasy and that the two series may have had a distinct 
origin ((43), («s8> p. 194, (, 7S )). Whilst such a possibility cannot be' 
gainsaid, there is little that at the present time speaks positively in 
its favour. The strongest argument is perhaps to be found in the 
apparent diversity in reproductive methods. Even if, however the 
microspores of Centrales should ultimately prove to be gametes, a 
divergence of the two series from a common ancestry, in view of the 
many points of contact (general structure, similar pigmentation 
apparently similar metabolism, the diploid character), would still 
remain probable Karsten ((.«) p. 182) has put forward the view that 
the production of auxospores by sexual fusion in the majority of the 
n nales has resulted from the acquisition of motility by the latter 
since m the Tabellariaceae, which are devoid of a raphe, auxospore- 
tormation appears to take place in a manner very similar to that found 

mirrn ntra CS r^ P ‘ 62 , 0) ’ Th,S 1S P ,ausible and, in the event of the 
the < P T S ° f Cen L trales P rov,n g to be gametes, it would mean that 

the Pen 113 1 PrOC ? S haS e L V °. ,Ved in different directions in them and in 
sol? nf tif S ' Ivarsten believes that the Tabellariaceae are allied to 
me of the Centrales by way of such forms as Terpsinoe which 

JL ses *® s navicu >Loid valr=s provided with numerous transverse septa 
(ng. 191 p< 576). v 

enou^ev?^’ however > be amiss to P°int out that there is scarcely 
AranMdele 3t present . to establish definitely the view that the 
well^e S a "\P r,mUlVe *. s ‘oce some and perhaps all may equally 

may be formfw rh rmS ^ bm V larl >’’ the Raphidioideae (EunotJdeae^ 
Sn I? 3 rCdUCed ra P be and not one in course of differen- 
Q ° n n ' p ln °' hcr words it may be that we shall have to read the 
m 2 * Vi” thC °PP OSIte direction and to regard the Centrales as the 
s «g y evolved group which in correspondence with its adapta- 
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t ion to a mainly planktonic existence has given up the equipment that 
allowed of motility in the essentially bottom-living Pennales. Peragallo 
0-5) regarded the A itzschias as nearest the ancestral type. Should 
the phenomena described by Went and detailed on p. 637 prove to 
be ol the nature of sexual reproduction, the Centrales would be more 
highly evolved than the Pennales also in this respect. 

It is, however, significant that the oldest known fossil Diatom 
deposits contain a large number of centric forms (Melosira, Cyclotella 
Stephanodiscus, Coscinodiscus, Stephanopyxis, cf. (70), os.) pp. 44’ 
693). Hanna(68) found only Centric Diatoms in a Cretaceous deposit 
from California. Pia (o8«) p. 52) concludes that at the period of the 
maximum development of Diatoms in the Miocene centric forms 
preponderate (cf. also (40), uo). Most of the extinct genera belong 

Centrales and many genera represented by numerous species in 
the past have now only a few living ones. These data seem to support 
the view that the Centrales are older than the Pennales, although it 
is possible that the preponderance of the former is a consequence of 
the fossil deposits being marine. There is no satisfactory' evidence of 
the occurrence of Diatoms in the Palaeozoic( 4 « a. 180. «8z). 

Since the siliceous envelopes of Diatoms are practically imperishable 
large deposits (oceanic and lacustrine) are laid down wherever Diatom 
life is abundant. Not only are such deposits being formed at the 
present day (especially in the Arctic and Antarctic Oceans), but similar 
diatomaceous earths (Kieselguhr), often of immense thickness, are 
evidence of the abundant Diatom life in former eras (cf. (39))- These 
diatomaceous deposits are associated principally with rocks of Tertiary 
age and are found at Dolgelly in Wales and Toome Bridge in Antrim, 
Ireland, but much more extensive ones occur in other parts of Europe 
and especially in America ((1800) p. 92, (mi) p. 192). 


Relationships of Dlvtoms with Other Classes 

As already pointed out, the suggested relationship of Diatoms with 
Desmids is based merely on superficial resemblances. Pascher(«64) 
has strongly supported a relationship between Bacillariophyceae, 
Xanthophyceae, and Chrysophyceae and advocates a union of these 
three classes in a division Chrysophyta, as opposed to the true green 
forms, the Chlorophyta. According to his view the Diatoms occupy 
much the same position in the Chrysophyta as the Conjugales do 
among the Chlorophyta, but it must be recognised that Diatoms offer 
a considerably sharper contrast to the other Chrysophyta than do the 
Conjugales to the remaining Chlorophyta. 

Pascher’s view is based on a number of similarities, viz. prepon¬ 
derance in all three classes of carotinoid yellow or brown pigments 
in the chromatophores, the associated absence of starch and occurrence 
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of oil as one of the usual assimilatory products, and certain resem¬ 
blances in the structure of the cellular envelopes. These may well 
indicate a physiological relationship of some significance. Deposition 
of silica in the membrane is a feature of all three classes (mainly in 
the cysts in Xanthophyceae and Chrysophyceae), and the bivalved 
structure of the cell-wall typical of the ordinary diatom-frustule is 
seen both in the vegetative cells and the resting-stages of various 
Xanthophyceae, while the cysts of Chrysophyceae likewise always 
have an envelope composed of two pieces (cf. p. 509). The resting- 
spores (endogenous cysts) formed by Chaetoceras (fig. 215 B,C) much 
resemble those of Chrysophyceae ((«6 4 ) p. 244, (165)). In Ophiocytium , 
1 rtbonema, and probably in other members of the Xanthophyceae the 
cell-walls consist of numerous thimble-like segments (cf p 488) • the 
same structure is repeated in the envelopes of Dinobryon, Hyalobryon 
and other Chrysophyceae (p. 530), and is paralleled in those Diatoms 
in which intercalary bands are interposed in considerable numbers 
between the valves and their connecting-bands (cf. e.g. Rhabdonema, 

hg. 190 A, p. 574). The presence of leucosin in certain Diatoms («10) 
is also of note from this point of view. 

Recently Pascher has shown that in certain Xanthophyceae (e g 
CA/oro««<w p. 473 and fig. 154 O) the cysts are formed endogenously 
in exacdy the same manner as in Chrysophyceae. In fact Chloro- 

difW CXC T f ° r !tS ^ l° W " green colour * shows scarcely any essential 
differences from an Ochromonas, and its discovery lends very great 

ce?e P °The affinity between Xanthophyce^ and Chrysophy- 

e n ! e M , Fhe denvatlon ° L f these two classes from a common motile 
ancestry is now more than probable. As regards Diatoms we have 
to do with a highly specialised class and, whilst the points of similarity 
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Class V. CRYPTOPHYCEAE 


I his class, which appears to he equally scantily represented in the sea 
( ( 38), (39) p. 86 ) and in freshwaters, is as yet but very imperfectly 
known. Enough has come to light, however, to bring out clearly 
some of the essential characteristics and to show that much the same 
evolutionary sequence has been followed as in the other great 
flagellate-algal series. The class includes the rather specialised flagel¬ 
late Cryptomonadales and a small number of algal types. Unless, 
however, many of the latter are still to be discovered or have become 
extinct, it would appear that the Crvptophyceae have passed but little 
beyond the confines of flagellate organisation. No filamentous forms 
are known. 


Order I. CRYPTOMONADALES 

The Family Cryftomonadaceae 

The naked motile type is developed in its most typical form in the 
Cryptomonadaceae. 1 The individuals exhibit a pronounced dorsi- 
ventra! construction, the cells being prominently flattened in the 
dorsoventral plane, so that the cross-section is oval or elliptical 
(fig. 216 C, J). When the individuals lie on one of their broader faces 
(side-view), the anterior extremity appears obliquely truncate or 
emarginate and is not uncommonly prominently protruded at the 
dorsal corner (fig. 216 H); the dorsal margin is convex, the ventral 
margin usually flat or concave (flg. 216 A, B, K). Passing over the 
anterior extremity, where it produces a more or less marked constric¬ 
tion, is a longitudinal furrow which extends as a curved line obliquely 
over the flanks to die out sooner or later without reaching the posterior 

end (fig. 216 A, B, K, L,/). 

In most genera ( Cryptomonas , fig. 216 B; Rhodomonas (20), fig. 210ri; 
there is a tubular gullet (_§■) extending from the anterior end o t e 
furrow more or less deeply into the interior of the protoplast, but in 
others ( Cryptochrysis , fig. 216 I, K, L) this is stated to be ac ing. 
Two somewhat unequal flagella arise at the anterior end, either from 
the furrow or from the ventral edge of'the aperture of the gullet 
(fig. 216 A, 11 , L). The flagella are slightly band-shaped with a thread¬ 
like termination and arise from closely approximated basal granui 
(fig. 217 D, b); these, in ChUomonas , are connected to delicate c y 
contiguous rhizoplasts (r) which extend either to the nucleus o 

1 See (8-10), (25), (29), ( 34 ), ( 4 «). 
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the posterior end of the individual(1.2.34a); a similar condition seems 
to obtain in Cyathomonas (fig. 217 N). 

In Rhodomonas, according to ZimmermannU7), the rhizoplast is 
connected with the pyrenoid. According to DellingerCn a) the flagella 
of Chilomonas consist of four fibrils spirally wound round one another, 
but such a structure has been recorded by no other worker. In 
Cryptochrysis, Pascher<27) states that the one flagellum shows the usual 
lashing movements, whilst the other performs undulatory movements 
(cf. also (45) p. 290). Many species of Cryptomonas exhibit a charac¬ 
teristic swaying of the individuals, first to one side and then to the other, 
during movement(13.23), although others exhibit the usual rotation. 

I he nuclei ((2), Ua> p. 60, (35)) have a prominent caryosome and 
finely dispersed chromatin in the outer nucleus (fig. 216 O); the caryo¬ 
some is stated to include one or two centrosomesd ,2). Division of the 

nucleus sometimes takes place amitotically. The chromosomes are 
small and granular (fig. 216 Q). 

I he nucleus is usually situated near the posterior extremity 
(hg. 2i6 B, E, K, //) and is in contact with the pyrenoid in Rhodo¬ 
monas. I he periplast is firm but elastic, sometimes with longitudinal 

"UK 3110 k S 217 N) ‘ l he cel,s are not ordinarily metabolic, 
although Zimmermann (47) records changes of form on the part of 

Rhodomonas baltica when pushing its way between foreign bodies. 

I here are usually two large and often lobed parietal chromato- 

(fie T.6 m B St E a i?r,l '°K ,he and Ven,ral mar K ins 1 respectively 
one' In r' I',’ 9 ’ h ° U8 , h * n Rh odomonas (fig. 2,6 G) there is only 

(fie 2,6 A216 1) a "d Cyanomo/iasUxt* 

(hg. 216 M) the chromatophores are numerous and discoid Their 

Pigmentation is variable, even in the same mass of material b« 

thesfredfilol T pr ° babl y thc most Sequent; apart from 

these, red ( Rhodomonas ), olive-green, and blue-green (Chroomonas (n) • 

Cyanomonas ; Cryptomonas coerulea Geitlcros)) tints occur Deen * 

the e nat 0 uTo a f re the 0t “"““f' red<,s - H >- N «hmg is known aboui 
the nature of the pigments, but Pascher (<2 V) p. 06) affirms th^r 

^”0 be «t 

After aettve photosynthesis the products are stored as solid discoid 

' FtaSSSl STS^ PP ° S ' d , ,he flank ? "■« «* £>>. 

OltmannsUs). 4 una ant ^ renamed ( yattomottas bv 
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granules ((7) p. 215), which in Crypiomonas give a blue coloration 
with iodine and appear to be a form of starch, whilst in other cases 
(e.g. Cryptochrysis) iodine colours them reddish or reddish violet. 
These granules form a shell round the pyrenoids (fig. 216 E, H, J, a), 
as well as covering the inner surface of the chromatophores (fig. 216 
E, a). Both in reaction and mode of deposition there is a distinct 
resemblance with Floridean starch ((16) p. 360). 

A prominent contractile vacuole which discharges into the furrow, 
or into the gullet when present, is situated anteriorly, usually on the 
dorsal side (figs. 216 B, K; 217 D, v); in Cyathomonas , however, it is 
located ventrally (fig. 217 N, v). In some species there is more than 
one of these vacuoles. The furrow or gullet is often lined with small 
rod-shaped colourless and highly refractive trichocysts (figs. 216 H, 
K; 217 D, t). When the individuals are subjected to injurious 
influences, long threads are suddenly protruded from these tricho¬ 
cysts into the gullet. The latter appears to have nothing to do with 
ingestion, all Cryptomonadales, except Cyathomonas (cf. p. 657), 
being holophytic or saprophytic. 

Hillea ((39) p. 87), an incompletely known form recorded from the 
Adriatic, possibly represents a relatively primitive type of the 
Cryptomonadaceae to which all the genera previously discussed 
belong. It lacks the marked furrow of other forms, its place being 
taken by a shallow depression confined to one surface (fig. 216 P, R). 

I he cells, which run to a point at the posterior end, show a limited 
amount of metaboly and are stated to possess two equal flagella. 
A better knowledge of this form will perhaps help to elucidate the 

ongm of the elaborate organisation found in the bulk of the members 
ot the Cryptomonadaceae. 1 

1 Another isolated lorm is the uniflagellate Monomastix (ftp. 2*7 I-K> 
b Th ' metabolic md.vidulL have nvi 

IS 

of affinity is, however, hardly satisfactory. * nc e% luence 

xhLtdc '> D ’ C 'yP>»»“»“>s anoiuala Fritsch; A from 
views O n^ ? urfacc - E. O, Q, C. ovato Stem; 13 . E. s.de- 

optical section. V, G J) ascher * 

Karst.; J. view from the edge. 




Fig. 217. A-C, Protochrysis phaeophycearum Pascher; A, B, from the side; 
C, optical transverse section. D, H, Chilomcmas Paramaectum Ehrenb. 
E, Phyllomitus amylophagus KJebs. F, Nephroselmis olivacea Stein. O, 
Cryptomonas ovata Stein, germinating cysts with stratified mucilage-sta s. 
I-K, Monomaslix opisthostigma ScherflF.; K, individual with excreted tncho- 
cysts (t). L, M, Sennia commutata Pascher; L, optical transverse section. 
N, Cyathomonas truncata Ehrenb. b, basal granules; c, chromatop ore, 
/, furrow; g, gullet; k, caryosome; m, periplast; n, nucleus; nv, n ^‘*' e 
vacuole; o, aperture of gullet; p, pyrenoid; r, rhizoplast; s, stigma, , 
cysts ; v, vacuole. (D, N after Ulehla; E after Lemmermann ; O alter benn, 
H after Biitschli ; I-K after Scherffel; the rest after Pascher.) 
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The Family Nephroselmidaceae 

As in other series of motile unicellular forms, there are interesting 
special developments among the Cryptomonadales. Thus, in the 
Nephroselmidaceae (27.28) ( Protochrysis , fig. 217 A-C ; Nephroselmis, 
fig. 217 F) the body is kidney- or bean-shaped and the two flagella 
are attached laterally, a little below the middle of the concave surface, 
the shorter being directed forwards, the longer trailing behind during 
movement. The furrow (/) runs more or less transversely. An eye- 
spot (*), which is as yet not recorded in any member of the true 
Cryptomonadaceae, is situated just below the point of origin of the 
flagella. In Nephroselmis 1 (fig. 217 F) there is a gullet ( g ), likewise 
commencing in the middle of the concave surface and curving 
towards the posterior end. A more doubtful form is the relatively 
simple Sennia 1 (fig. 217 L, M), in which according to Pascher 
occasional indications of a furrow are to be found. The small cells 
are practically oblong and devoid of the lateral emargination of other 
Nephroselmidaceae. 

There is an undoubted resemblance between the Nephroselmida¬ 
ceae and the swarmers of Phaeophyceae, first pointed out by Pascher 
((26) p. 199), but the resemblance appears to extend only to morpho¬ 
logical tcatures and there is no clear evidence of any similarity in 
pigments or products of assimilation; nor is there in the Phaeophycean 
swarmer anything to correspond to the furrow or the gullet of these 
forms (cf. also (30) p. 153). The Nephroselmidaceae have so far mainly 

been found m fresh water, but Schillerd.) has described a species 
ot Nephroselmis from the Adriatic. 


Colourless and Symbiotic Types 

The colourless type is represented among Cryptomonadaceae by the 
saprophytic CMomona,^..^ and the ho lozoic C ya,l,omonas 
p I ' I- (fig- 217 E), usually classed among the 

(fig aTD^rclosd y M° be ‘r 8S hCre P - 39) - ChiloLnas 
ohor^and H i u mb t S f Cr >P tom onas , but lacks chromato- 
phores and pyrenoids, though forming starch (cf Polvtnmn\ T 

Cya,Ho^nas (fig, „ 7 N), intvhich the Individuals ha^sTmlwha" 

reniform shape. The orgasm d^cribedTv sln^ “ sh “ W j* h il 
A&SSlSiTbbmlm colora^n of 
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different shape, the aperture of the gullet (g) is surrounded by a wide 
ring of denser cytoplasm containing a series of ovoid glistening bodies 
w-hich are probably trichocysts (/). Bacteria, etc., are absorbed 
through the gullet in nutritive vacuoles (nv) which are to be found 
in all parts of the body, the undigested remnants being subsequently 
extruded through the gullet. Food is stored in the form of fat. 

The yellow cells found in numerous animals, especially Radio- 
larians (fig. 218 A, B, a), and usually described under the name of 
Zooxanthellae.4.40.14.4b) are symbiotic organisms which no doubt 



Fig. 218. Zooxanthellae in Radiolaria. A, Acrosphaera spinosa and B, Collo- 
zourn inerme, with the algal cells (a). C, single Zooxanthella. D, swarmer 
next to empty cell. E, escape of protoplast, c, chromatophore; n, nucleus; 
p, rhizopodia; sh, skeleton of animal. (All after Brandt.) 

in large part belong to the Cryptomonadales. 1 Pascherd6) suggests 
the name of Chrysidella for those certainly established as belonging 
to this group. Only relatively few Radiolarians lack these cells, and 
in some species they occur in very large numbers, although in others 
only a few individuals are present. In most cases the yellow cells lie 
in the peripheral parts of the animal (fig. 218 A, B). As a general rule 
the larval stages of the latter appear to be devoid of the symbiont, so 

1 According to Hovasse and Teissier(i9), however, the Zooxanthellae of 
diverse Coelenterata show cytological features that indicate a reference to 
Dinophyceae. 
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that a fresh infection of each generation is necessary. When motile 
reproductive stages are produced by the animal or when the latter 
dies, the Zooxanthellae are set free in the living condition and can 
then multiply to form small palmelloid masses. Both here and within 
the animal body the cells are enveloped by a thin cellulose wall 
(fig. 218 C), so that since this coccoid state evidently predominates 
these forms should perhaps be classed with the Cryptococcales 
(p. 661). The motile stages which are liberated from the motionless 
cells (fig. 218 D, E) appear to lack a gullet and therefore show the 
simpler organisation of a Cryptochrysis. 

There can be little doubt that the association is in most cases, as in 
that of the Zoochlorellae (p. 186), of the nature of a symbiosis. GeddesO-*) 
showed the evolution of oxygen from the yellow cells and it has been 
suggested that the factors controlling the depth at which reef-building 
corals can live may lie in the conditions being suitable for the photo¬ 
synthesis of associated Zooxanthellae (44>. On the other hand Boschma(3) 
believes that in the case of Coelenterata the relation is more one of 
parasitism of the animal on the alga. 

Reproduction of the Cryptomonadal.es 

Reproduction in the Cryptomonadales is effected in the usual way 
by longitudinal division, generally during the motile phase, although 
in most species of Cryptomonas for example the dividing cells come 
to rest and become embedded in mucilage, often forming extensive 
palmelloid groups; the same is seen in Cyanomonas (fig. 216 N). 
bometimes in Cryptomonas , as a result of one-sided mucilage- 
production, rough dendroid groups of cells borne on short thick 
stratified mucilage-stalks are formed (fig. 217 G). According to 
Ulehla ( ( 4 S ) p. 287) both gullet and vacuole are halved during division 
while in motile individuals one daughter receives the flagella of the 
parent, while the other forms them afresh. Thick-walled cysts with 
amembnme containing cellulose, are known in various members of 

“ r ej^ o n rsir h a firm pcripbst (eg - a,ii ™> ^ ■»* 


Palmelloid Types (Phaeocapsineae) 

The only members of this suborder are Phaeococcus (UM p. 4 6,)i and 
cZT U (U6> P - ,97) ’^ bUt thc assi e" a <“‘n ‘>f the former to the 

Cryptophyceac remains doubtful. Phaeococcus Clementi (fig , IQ V) is 
terrestrial, forming small gelatinous masses with a stratified mucilage- 

this t™S h ; r 1“ ) ShOWn ' U ° rZ ' c °" fus<!d Algae in hts description of 

Jr,W d “ cr,bcd b * Keinischoa, under rhe name of 





Fig. 219. A, B, Phaeococciis Clementi Borzi (after Borzi); A, part of a stratum; 

B, swarmers. C, D, Phaeoplax marinus (Reinisch) Pascher (after Reinisch), 

C, part of stratum; D, swarmers. E-J, Tetragonidium verrucatum Pascher 
(after original drawings kindly furnished by Prof. Pascher); E, F, I, J, coccoi ^ 
cells in various aspects; G, H, swarmers. a, starch; c, chromatophore,/, furrow, 
n t nucleus; />, pyrenoid; t t trichocyst; v, vacuole. 


COCCOID TYPES 


661 

envelope. Multiplication is effected by swarmers with two lateral 
chromatophores and two unequal flagella (fig. 219 B). Cotton (6) and 
Carter(s) record a species, P. adnatus (Naeg.) West, from habitats in 
the neighbourhood of the sea, but this, even more than Borzi’s species, 
gives the impre.>sion of being one of the Chrysocapsineae (p. 541). 

Phaeoplax (fig. 219 C), so far only observed in marine cultures, 
forms similar gelatinous lumps in which the envelopes of the cells give 
cellulose-reactions. The swarmers (fig. 219 D), which appear to escape 
singly from the cells of these palmelloid stages, very closely resemble 
a Cryptochrysis, having the same dorsiventral form with a furrow Jined 
with glistening granules, apically attached flagella, and a pyrenoid 
enveloped by a sheath of solid granules which stain reddish violet with 
chlor-zinc-iodide. 


Order II. CRYPTOCOCCALES 

Pascher ((30) p. 160) in 1914 briefly described a single coccoid member 
of the Cryptophyceae under the name of Tetragonidium and has very 
kindly furnished me with the drawings reproduced in fig. 219 E-J. 
This alga was found in moorland pools and appears as tetrahedral 
cells (12-18/x in diameter) with cellulose walls, containing a brown 
lobed chromatophore (c) with a large pyrenoid (/>). The assimilatory 
product is starch which appears not only around the pyrenoid, but 
also against the inner face of the chromatophore (fig. 219 E, a). The 
large nucleus (n) lies excentrically. Reproduction is effected by 
Cryptochrysis -like zoospores (fig. 219 G, H). On coming to rest they 
develop a thin envelope and soon acquire the tetrahedral form. 


Status and Classification of the Cryptophyceae 

While Tetragonidium clearly indicates a coccoid tendency on the part 
of the class, no other instances of the same kind have as yet come to 
light, nor have any filamentous types so far been discovered. Apart 
from the sexual reproduction recorded by Borzi in Phaeococcus(zb ) 
there is no other record, although Pascher ((33) p. 51) casually men- 
tions the occurrence of hologamy in Crvptomonadales. . 

The immediate affinities of this specialised class are obscure but 
there are some striking resemblances with the Dinophyceae (Peri- 
dinieae, cf. p. 713) and perhaps a remote relation to the Phaeophyceae. 
1 here are also some points of resemblance to the Ochromonadeae 

a' 2 °°)v es P ec, L all y with such a form as IVyssotskia (p. 517), but 
it is doubtful whether they imply any near affinity. Some relation to 
the Chlorophyceae is also possible, perhaps by way of the forms 
grouped by korschikoff as Protochlorinae (cf. footnote 1 on p. 655). 
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The following is a synopsis of the classification: 

I. C ryptomonadales: 

(a) Cryptomonadineae: 

1. Cryptomonadaceae: Chilomonas, Chroomonas, Cryptochrysis, 
Crvptomonas, Cyanomonas, Cyathomonas, Hillea, Rhodomonas. 

2. Xephroselmidaceae: Nephroselmis, Protochrysis, Sennia. 

( b) Phaeocapsineae: 

3. Phaeocapsaceae: Phaeococcus (?), Phaeoplax. 

II. Cryptococcales: 

4. Cryptococcaceae: Tetragonidium. 
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Class VI. DINOPHYCEAE (PERIDINIEAE) 


Mode of Occurrence 


The members of this class play a very important role as plankton- 
organisms, both in the sea and in fresh waters, although much greater 
diversity and elaboration of form is met with among the marine 
members. This is especially true of the Peridiniean flora of warmer 
zones which differs very markedly from that of colder seas. While the 
North Atlantic, for instance, at times harbours a far greater bulk of 
Dinoflagellates than is to be found in the warmer parts of the oceans, 
the nymber of species involved is strikingly small compared with the 
Tropics and forms with a complex body-outline are rare or lackingdsO. 
The highly elaborate Dinophysiales (p. 674) are essentially charac¬ 
teristic of tropical seas. The biggest role in practically all seas is 
played by the numerous species of Ceratium (69 a), associated with 
which in northern waters are many species of Peridinium. According 
to Peters(X34) the distribution of the diverse species of Ceratium is 
determined by temperature and the phosphate-content of the water. 
Many planktonic Dinophyceae are markedly phototactic and seek out 
those strata in which a light-intensity suitable to their requirements 
obtains (cf. also (39)). A number of Peridinieae favour estuaries and 
the coastal region ( Heterocapsa , Glenodimurn fohaceum) and at times 
occur there in enormous numbers (102). Freshwater Dinophyceae 


favour acid waters(62). 

In the oceanic plankton the naked types abound, while the nentic 
plankton is far richer in armoured forms (cf. p. 692). In northern 
seas the maximum of Dinoflagellates follows upon that of the Diatoms 
(cf. (56) and p. 608). At the times of such maxima, both in the sea 
and in fresh water, these pelagic Dinophyceae may be represented 
in such numbers as to give a definite coloration of diverse tint 
(green, brown, etc.) to the water. 1 Some of the marine forms * 
phosphorescent, and in temperate waters the species most commonly 
responsible for this phenomenon is Ceratium tripos The cysts ofte 
coloured red by haematochrome, have occasionally been observed to 

be the cause of red snow (159). of the 

A small number of the marine Dinophyceae are'nhab.tantsoUfe 

shore causing a greenish brown discoloration of the sand at cert 

imes! S involved are mainly species of 
Hemidinium , intermingled with one or more species of Gymnodinium , 

1 For the more important literature, see (S 9 >. (83) P- 242, <«> P- 44 . <»*>• 
(ll * ) ’see (as), (88) p. 52, (Iioo), <« 3 S>, (I 4 °a). <* 4 *>. (,70) ’ 
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Thecadinium , Polykrikos , Exuviaella, etc. (54.55). The discoloration of 
the sand disappears shortly before it becomes covered by the rising 
tide and only reappears when the sand is again exposed. All of these 
sand-inhabiting forms are flattened and generally very mobile, while 
most of them are holophytic. For one of them ( Amphidinium 
Herdmani Kof.) Bruce (12) has investigated the effect of the salt- 
content of the water on photosynthesis and distribution. 

Among the' flagellate Dinophyceae, and especially among the 
marine forms, a considerable number appear to lack chromatophores 
and to have adopted a holozoic (fig. 220 M) or parasitic mode of life 
(cf. pp. 686, 704). Such forms often show marked animal charac¬ 
teristics (nematocysts, ocelli), but it can hardly be doubted that they 
are derivative. Very few data as to the mode of feeding are available. 

The General Characteristics of the Class 

Whilst the majority of Dinophyceae are motile unicells, we owe to 
Klebs(73) and Pascher(us.u9) the discovery of a considerable number 
of types which show that here also evolution of a sedentary' phase has 
not been lacking. Kofoid and Swezy’s statement ((88) p. 109) that 
these forms present none of the Dinoflagellate characteristics is 
scarcely in harmony with the facts as detailed below (p. 706 et seq.). 

The motile individual (fig. 220 A) is typically provided with two 
flagella arising close together, but differing in structure and orienta¬ 
tion. The one directed transversely (t) is band-shaped and exhibits 
an undulatory movement, the other directed longitudinally and 
posteriorly (l) is thread-like or sometimes also band-shaped (38); both 
are probably concerned in forward progression (cf. p. 682). In the 
vast majority of cases these flagella arise from the ventral surface 
through definite pores (fig. 220 A) and only in a few possibly primitive 
forms from the anterior end of the individual (cf. p. 671). They are 
usually partly or entirely located within special transverse (g) and 
longitudinal furrows (y) on the surface of the cell. 

According to Halits*.52) each flagellum in Ceratium hirundinella and 
Uxyrrhis manna terminates in a basal granule just within the surface* 
trom each granule a rhizoplast extends to an extranuclear centrosome 
adjacent to the nucleus (fig. 220 F, G). In cell-division the centrosome 
divides, each half remaining connected with a rhizoplast and a flagellum 
while the two centrosomes are temporarily united by a thread (centro- 
desmose, fig. 220 E,d). Two new flagella, completing the equipment 
tor the two daughter-individuals, arise during nuclear division. In 
Uxyrrhis one of the two centrosomes is joined to the nucleolus by an 
intranuclear rhizoplast (fig. 220 E) and the same is recorded by JoIIos(to) 
tor other Pendinieae. Reichardt(. 4 «) also records centrosomes in 



Fig. 220. General characteristics of the Dinophyceae. A, Glenodimtan^ 
cinctum Ehrenb., motile individual. B-D, Peridimum umbonatum Stein var., 
B, optical section; C, surface view; D, pyrenoid with envelope of starch- 
grains. E, F, Oxyrrhis marina Duj., successive stages in nuclear and cell- 
division; E, late prophase; F, late metaphase. G-I, L, O, CeraUum 
dinella O. F. M.; G, late stage of division; H, early prophase; i*. cany 
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The greatest diversity exists in the character of the cellular envelope 
which consists in the main of cellulose nos) 1 and upon whose features 
the classification is largely based. In some of the simpler forms a 
membrane is apparently lacking, but in the more advanced types it 
attains to a degree of complexity only paralleled among the Bacillario- 
phyceae (cf. figs. 229, 230). In many of the more specialised forms 
this envelope is of considerable thickness. It is often produced 
externally into processes (fig. 220 G, N), wings, etc., that give the 
individuals a characteristic shape and are no doubt in most cases of 
the nature of planktonic adaptations (cf. especially figs. 223, 224). 
As far as present knowledge goes there is a delicate internal membrane 
upon which the main portion of the envelope is deposited(32.105). 
In many forms the presence of pores (fig. 230 G, J) or poroids (pits, 
cf. p. 578) has been demonstrated (<is*> p. 20, (154)). Schiitt held that, 
as he believed to be the case in Diatoms, cytoplasm passed out through 
the pores to form a delicate extramembranous layer, responsible for 
the development of the diverse centrifugal outgrowths of the mem¬ 
brane, as well as serving for metabolic exchange with the surrounding 
medium (cf. also (8 q>). MangindoS) is of the opinion that, in addi¬ 
tion, a formation of processes from the interior of the cell is possible. 

The protoplast 2 commonly consists of an outer denser and more 
or less granular region harbouring the chromatophores in the holo- 
phytic forms, and an inner portion that contains nucleus and vacuoles 
(150). In the neighbourhood of the flagellar pores the cytoplasm is 
more fluid and mobile and readily puts forth pseudopodia here 
(39.169). Busch (13) also records a formation of delicate rhizopodia 
from all points of the surface in a marine Gymnodinium and this no 
doubt is not uncommon in the naked types (cf. also (39)). Eve-spots 
have so far only been observed in the freshwater forms (fig. 220 A, e), 
but some of the marine types possess elaborate ocelli (p. 685) which 
are possibly their equivalents. 

1 Pearsall(i3o) finds that in Ceratiwn hirundinella the cellulose reaction is 
obtained with increasing difficulty as the season advances. 

In very many of the marine Dinophyceae little or nothing is so far known 
of the structure of the cell-contents owing to the difficulties of adequate 
preservation. 


metaphase; I, metaphase plate; O, end of metaphase. K, Phdlacrowa sp., 
showing vacuolar system. M, Undetermined member of'Gymnodiniaceae 
showing holozoic nutrition. N, Peridinium Steinii Joerg. ant, antapical and 
a P> apical horns; av, accessory vacuoles; c , chromatophores; ca, canal of 
pusule; ce, centrosome; cp, collecting pusule; d, centrodesmose; e, stigma; 

girdle (transverse furrow); gr, granules on pusule-wall; k, caryosome; 
‘. longitudinal flagellum; n, nucleus; p, pyrenoid; pu, sack pusule; r, rhizo- 
plast; r, sulcus (longitudinal furrow); /, transverse flagellum; v, vacuoles. 
(A after Schilling; B-D after Geitler; K, N after Haye; M after Pascher; the 
rest after Hall.) 
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f * • a • | | # are very delicate and under abnormal 

conditions readily alter their shape or undergo disorganisation, appear 
usually to be numerous and more or less discoid in form, although 
spindle- or band-shaped chromatophores have also been recorded; 
not uncommonly they exhibit a radial arrangement in the cells! 
Among the primitive members of the Desmokontae there are generally 
one or two large chromatophores, while according to GeitIerU6) 
some species of Peridinium (e.g. P. umbonatum var.) have a single 
richly lobed axile chromatophore (fig. 220 B), the lobes radiating 
from a central point and spreading out parietally to form an anasto¬ 
mosing network (fig. 220 C). Similar chromatophores are recorded 
• n (172) in Amphidinium. 

Pyrenoids occur commonly in Desmokontae, but of their distribu¬ 
tion in other Dinophyceae little is known. Schiitt ((152) p. 93) records 
a pyrenoid in Heterocapsa, while Geitler and Zimmermann describe 
a single central pyrenoid in the lobed chromatophores of Peridinium 
and Amphidinium just referred to (fig. 220 B, />), that of the former 
being surrounded by a sheath of polygonal starch-grains (fig. 
220 D). The algal members of the class appear to lack pyrenoids. 

The chromatophores exhibit varied pigmentation, though shades of 
dark yellow and brown are the commonest. According to Schiitt three 
pigments can be extracted from them ((149), (152) p. 62), 1 viz. the water- 
soluble brownish red phycopyrrin, the dark red peridinin, and the 
yellowish green chlorophyllin, the two latter soluble in alcohol; the 
different tints of these organisms are stated to be due to the varied 
representation of these pigments. Kylin(9D, working with a species of 
Peridinium, denies the presence of a water-soluble pigment, but con¬ 
cludes that there are three carotinoid pigments—carotin, phylloxanthin, 
and peridinin—the latter being the cause of the brown coloration. 
A few blue-green forms are known (e.g. Gymnodinium aeruginosum, 
G. coeruleumf 29.45)) which are said to contain phycocyanin. 

Reserve-food is stored as starch and fat, the latter being usually 
the only recognisable substance in the marine forms and often being 
brilliantly coloured (yellow or red). While the majority of freshwater 
forms possess chromatophores, these appear to be lacking in a large 
percentage of the marine motile types (e.g. many species of Gymno¬ 
dinium and Peridinium). In these the cytoplasm is commonly vividly 
coloured (red, yellow, etc.), especially in species frequenting warmer 
seas, although a striking example of such a coloured form ( Gyrodinium 
britannica (95)) is found in the waters round Plymouth. Evidence of 
holozoic nutrition is to be found in the presence of vacuoles containing 
food-bodies, and it seems that some of the holophytic forms may a so 
occasionally ingest food in this way (see rssi p.46, (95) p- 4 i a ^ so P- 7 ° 4 )* 

1 These are commonly known collectively as pyrrophyll; cf. the criticisms 
of C'zapek(24). 
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According to Schiitt ((151) p. 28, (is*) p. 78) leucoplasts may be present 
in the cells of the colourless forms. 

r I he nucleus is generally large and conspicuous, 1 the outer nucleus 

either containing numerous fine granules (fig. 220 K) or commonly 

exhibiting numerous very fine tangled moniliform threads containing 

the chromatin (fig. 220 G); the latter type is especially distinctive of 

many of the Dinofiagellata. One or more nucleoli may be present 

which disappear during division, except in Oxyrrhisi s«> and Gyro- 

dimum fucorum (70). Nuclear division is characterised by the numerous 

elongate chromosomes (fig. 220 I, O) which are often prominently 

beaded and are sometimes clearly recognisable already in the early 

phases (fig. 220 H, L). In Oxyrrhis they show a radial arrangement 

in the late prophase (fig. 220 E). No evident spindle-fibres are formed 
during mitosis. 

The investigations have largely dealt with the nucleus of species of 

uZerZ ’ rVrT ha u e u een d,vcrse differences of interpretation. 
il nnT doubtful (q) whether a granular distribution of the chromatin 
is not in all cases characteristic of the resting nucleus. In Ceratium 

flT‘t We t a ’ Ha,1 < S2) Scribes the early prophase as showing only a 

longed'and exhibiJ ^ ^ they become much 

nT,, d exhibit a coded arrangement within the nucleus (fig. 220 L) 

Bo h in this species and ,n Oxyrrhisi the chromosomes split lengthwise 

chrom Z y metai>h i Se 3nd CO,,eCt at the ec l u ator as pairs of daughter! 

H S J ° med 3t their ends> Ear,icr ' v °rkers(8,33,93,147) had 

affirmed a transverse division of the chromosomes at this stave hur 

ti^nofTlf Ha * th,s i transver se division merely completes the tepara 
tion of the daughter-chromosomes formed by the longitudinal sold mrl 
does not effect transverse division of whole chromosomes ? 

(rf hXte?nr3 B 36?“d by ! dCl i Cate b / ,d8C (centrodesmose^ 
in some of the Xashic MrOSphe " !S h “~ »«n recorded 

flageZe S d (t'«oTN? V* V u cry characteristic of Dino- 
in the m ar i ' f thou g h so far they have only been observed 

zrzzr p - *■ «*• <»>• 

Of numerous^s^na^^Vac'uoltr m° a r ^'madne 8 ^ r 7 ’ den ? onstra,ed * he presence 
of the nature of pusules. Ceratium; these, however, are not 
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frequently there are two of them which may be of different shape 
(fig. 220 K, X, pu) and they are sometimes joined by a fine canal. 
They are largest, according to Kofoid and Swezy (88), in the forms with 
a well-developed envelope. Each pusule communicates with the 
exterior by a delicate canal which opens into one or other of the pores 
through which the flagella emerge (fig. 220 N, ca). In some cases in 
addition to the sack-pusules there is a so-called collecting pusule 
(fig. 220 K, cp) which is itself surrounded by a ring of accessory 
vacuoles ( av ) of smaller size communicating with the collecting 
pusule. The fluid within the pusules is usually coloured rose or salmon 
pink. According to Kofoid(78) these vacuoles do not excrete, but 
absorb liquid from the exterior. He believes (cf. (88) p. 49) that this 
helps the saprophytic forms in the obtaining of nutriment, although 
no nutritive particles have been demonstrated within the pusules. 
He points out that they are most strongly developed in the armoured 
Peridinieae among the colourless saprophytic forms ((78) p. 35). This 
view has not, however, met with general acceptance (cf. (53)), and it 
still remains to be shown that these structures are not excretory like 
similar contrivances in other classes. 

Pascherois.no) separates from the main series of the Dinophyceae 
a group, the Desmokontae, which show on the whole a more primitive 
organisation. For the remainder he uses the name Dinophyceae, 
uniting these two groups, together with the Cryptophyceae, in a 
division Pyrrophyta. To me, however, it appears more appropriate 
to designate the whole class of Peridiniean forms by the name of 
Dinophyceae and to distinguish among them two groups, the Desmo¬ 
kontae and the Dinokontae (Pascher’s Dinophyceae). Whether the 
available evidence is sufficient to unite these two groups with the 
Cryptophyceae in a common division will be discussed at the end of 
this section. 


A. Desmokontae 

The Desmokontae, which with a solitary exception comprise only 
motile unicells, are a less specialised series than the Dmokontae, 
although in their more advanced members they exhibit ^ un amei \ 
features of the Peridiniean organisation. The envelope, ho\\e\ ’ 
never appears to consist of the complex series of plates that is c 
teristic of the higher Dinoflagellata. The simplest memben. the 
Desmomonadaceae, exhibit none or few of the comp ^‘ 
Dinophyceae and probably give us a certain picture of th p YP 

of the whole class. 
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The Family Desmomonadaceae (Desmomonadales) 

Pascher’s Desmomastix ((145) p. 7), found in fresh water, has naked 
ellipsoidal cells (fig. 221 A), circular in cross-section (fig. 221 B), 
with two apically inserted somewhat band-shaped flagella, one of 
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which exhibits undulatory movements. There are two large lobed 
chromatophores (c) occupying most of the periphery of the cell and 
containing each an excentric pyrenoid ( p) which projects markedly 
on the inner surface (fig. 221 A, B); starch in the form of large grains 
(a) constitutes the assimilatory product. The large central nucleus (n) 
exhibits a structure consisting of numerous fine threads, as in many 
Dinophyceae. Multiplication takes place by longitudinal division 
during movement, while cysts (fig. 221 C) with a stratified envelope 
of cellulose and containing large oil-drops are also known. 

In the marine Pleromonas ((145) p. 8 ) (fig. 221 D) there is a delicate 
cellulose-envelope which, when the protoplast is caused to swell, 
ruptures along the antero-posterior plane into two irregular halves 
(fig. 221 E). The anterior end of the organism is slightly emarginate 
and from its middle arise two band-shaped flagella, one of which ( h ) 
is directed horizontally and shows irregular undulations. There is 
a single brown, somewhat perforated chromatophore, apparently 
occupying nearly the whole periphery of the cell and containing two 
bulging pyrenoids (fig. 221 D, G, />); the assimilatory products take 
the form of solid granules. Division occurs after withdrawal of the 
flagella (fig. 221 F). In neither of these genera have contractile 
vacuoles been recognised. 

The third member of the family, Haplodinium (fig. 221 K), was 
described in 1912 by Klebs(73) from brackish water in Java and has 
not since been observed. Its broadly ovate, somewhat flattened cells, 
provided with a firm cellulose membrane (m), possess a truncated, 
slightly oblique front end with a faint incision from which the two 
unequal flagella arise; one of these is stretched out anteriorly, while 
the other (//) is coiled in corkscrew fashion and directed more hori¬ 
zontally (cf. also fig. 221 L). There are two plate-like yellowish 
chromatophores (c), each with a projecting pyrenoid. A large nucleus 
(«) lies at the back and two large (contractile?) vacuoles (t>) are located 
at the front end; the vacuoles can flow together to form a single 
sac-shaped structure communicating by a canal with the surface o 


the cell (fig. 221 L). 

The significant feature in the organisation of these three genera is 
the difference in the two flagella which is of the same nature as in the 
more advanced Dinophyceae; this is especially marked in Pleromonas 
and Haplodinium where the undulating flagellum shows a marked 
tendency to be directed horizontally. These forms should be com¬ 
pared with Entomosif>ma (p. 689). Pascher ((ms) P- 1 *) as a so ” , 

described a palmelloid member of the family, Desmocapsa. Itoca £ 
attached to marine Algae as minute mucilaginous clumps contain g 
round brown-coloured cells with the typical large nudeus a ^ as mg 
chromatophore with a pyrenoid (fig. 221 H, I). The cells mult ply by 
division and may also escape as spherical swarmers (fig. 221 J) 
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two apical band-shaped flagella and a pronounced eye-spot ( s ). Cysts 
with a stratified cellulose-envelope are also recorded. 

The Family Prorocentraceae (Thecatales) 

A rather more specialised family, clearly related to the Desmomonada- 
ceae, are the marine Prorocentraceae, in which the cell-membrane is 
composed of two distinct halves, the suture (fig. 222 A, D, H, 5) 
joining them running from the anterior to the posterior end 1 (cf. 
Pleromonas). The cells are commonly strongly flattened parallel to 
this suture, although this is not very pronounced in Exuviaella 



C R E 22 iJi C family Prorocentraceae. A. B, Exuviaella marina Cienk. 
•^comprcssa Ostenf. D, Prorocentrum rostratum Stein the richt-hnnrl 

nucleus ■ 
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(fig. 222 A), so that the two halves (valves) of the membrane are often 
like two watch-glasses (fig. 222 H). The two flagella emerge apically 
through a pore which occurs as an emargination in one of the valves 
of which the wall is composed (fig. 222 A); in some cases, however, 
there are separate pores for the two flagella. In Exuviaellai 72,73.94. 
136.137) there are commonly minute teeth-like prominences on either 
side of the flagellar aperture (fig. 222 A), while in Prorocentrum 
(6.121.137.157) there is often a single apical tooth which is frequently 
very prominently developed and occupied by cytoplasm (fig. 222 
D, E, /). 'I he orientation of the flagella is very similar to that found 
in Haplodinium (fig. 222 B, F); one, which is thread-like and directed 
anteriorly, pulls the individual forwards, whilst the second band¬ 
shaped undulatory flagellum (tf) swings transversely about it and 
causes a rotation of the individual. 

The valves are mostly provided with numerous scattered pores 
which are usually lacking in the neighbourhood of the suture 
(cf. fig. 222 A, H). As a general rule there are two brownish yellow 
chromatophores, apposed to the two valves (fig. 222 B) and in 
Exuviaella usually harbouring a pyrenoid. A few species of Proro¬ 
centrum have a number of small chromatophores. The nucleus is 
lenticular or commonly kidney- or even V-shaped. One or two usually 
spherical vacuoles lie near the flagellar pore and communicate with it 
by definite canals (fig. 222 A, B, F). In Exuviaella the cells are in 
most cases rounded at both ends, whilst those of Prorocentrum are 
generally markedly pointed at the posterior extremity (fig. 222 E, F); 
the extreme is reached in such a form as P. rostratum (fig. 222 D). 
Some species of Prorocentrum are phosphorescent, while Exuviaella 
marina is a common inhabitant of the sand in the littoral zone. 

Multiplication of these forms takes place by longitudinal division 
(fig. 222 G), the daughter-individuals retaining one valve of the parent 
and forming the second afresh (cf. Diatoms). An escape of the proto¬ 
plast from the membrane has been observed in Exuviaella. Schiller 
((ms) p. 12) also mentions the probability of the escape of the proto¬ 
plast as a swarmer and of division occurring in this condition. 


The Dinophysiales 

The most advanced members of the Desmokontae are to be found 
among the Dinophysiales 1 with a number of families. The enve ope 
here, while again consisting of two laterally disposed halves joined 
by an antero-postcrior suture (fig. 223 C, su), is provided wit t ^ an ®" 
verse and longitudinal furrows within which the respective flage a 
(fig. 223 G, 5, g). The latter emerge through a common pore witnin 

1 See (6), (86), (102), (129), (145), <»S7). 
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the longitudinal furrow. The side of the individual hearing the 
longitudinal furrow or sulcus is spoken of as the ventral side (fig. 223 G), 
while the opposite (fig. 223 A) is the dorsal side. The part of the wall 
above the transverse furrow constitutes the epivalve (e), the part 
below the hypovalve (h). The transverse furrow ( girdle ) is usually 
located close to the anterior extremity, so that the flagellar aperture 
is not far from that end (fig. 223 A, G), and the edges of the furrow 
are frequently developed as pronounced wings; similar wings are 
often to be found bounding the longitudinal furrow (cf. fig. 223 
D-F, te). Flattening of the individual, as in the Prorocentraceae, is 
frequent (e.g. Dinophysis , fig. 223 C, C'; Ornithocercus , fig. 224 H). 
The membrane is probably in most, if not in all cases, composed of 
a number of plates, and Entzijo has drawn attention to the homo¬ 


logies with the species of Ceratium in this respect. 

The Dinophysiales are a highly evolved group of marine plankton 
forms, mainly found in tropical seas, and many of their members 
show far-going adaptation to the floating habit. Typical representa¬ 
tives are to be seen in Phalacrunia (fig. 223 A, D) and Dinophysis 
(fig. 223 B, C, C'). The epivalve (e) is small, while the hypovalve ( h ) 
is large and commonly more or less conical. The two are separated 
by the transverse furrow or girdle (^), whose margins are prominently 
winged. In Phalacroma (fig. 223 A) these wings project more or less 
horizontally, but in Dinophysis (fig. 223 B) they are directed anteriorly 
and appear as two funnel-shaped collars encircling the front end of 
the individual. The longitudinal furrow (sulcus), which coincides 
with the suture joining the two halves of the membrane, commences 
at the transverse furrow and extends some distance towards the 
posterior end (fig. 223 G, 5). Its edges are developed as vertical 
offstanding wings, similar to sails, that of one edge being considerably 
larger than that of the other and being strengthened by three radiating 
spine-like ridges (fig. 223 B, D, E, a). The furrows are in the main 
indicated only by the wings and do not constitute any evident 
depression in the membrane. In some forms there is also a posterior 
wing developed in the plane of the suture (fig. 223 I). 

The membrane is often areolated with a prominent pore in the 
middle of each areola (fig. 223 A-D; cf. also fig. 230 J). The trans¬ 
verse flagellum (/) is altogether confined to the furrow, whilst the 
posterior part of the longitudinal one (fig. 223 B, E, F, /) projects 
trom the longitudinal furrow, features in which these forms altogether 
resemble the typical Dinoflagellata. A considerable number of the 
species of the two genera under discussion appear to be colourless, 
such forms often having reddish or yellowish green cytoplasm. There 
are two large pusules of very diverse shape (cf. fig. 220 K), the 
one near the transverse furrow, the other in the posterior part of 
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In the elaborate Ornithocercusu>i .ts 7 ) (fig. 224 B) the transverse 
furrow ( g) is very broad, and wider on the dorsal than on the ventral 
side; the epivalve is reduced to two small plates united along the 
longitudinal suture. The winged edges of the transverse furrow are 
strongly developed, the anterior one forming a large funnel-shaped 
structure; both have numerous stiffening ridges which in some species 
are connected by a system of reticulate veins (fig. 224 H). These two 
wings enclose a wide annular space which often contains small brown 
bean-shaped cytoplasmic masses (phaeosomes) of problematical 
nature. The two wings of the longitudinal furrow, as in the two genera 
previously discussed, are unequally developed, the larger often 
extending to the posterior extremity of the individual, its anterior 
edge bcng fused with the posterior wing of the transverse furrow 
(fig. 224 B). This larger wing, moreover, is fused with the posterior 
wing which latter often extends well over on to the dorsal surface. 
1 his elaborate sail-like structure is stiffened by variously developed 
radial ridges. Chromatophores have not been recorded. 

The most remarkable form is attained by Amphisoleniaf. 157), in which 
the individual has a narrow needle-like shape (fig. 224 A) and is not 
uncommonly more or less curved. Between the somewhat enlarged 
main body and the almost apical transverse furrow (fig. 224 D, G, g), 
which is disposed somewhat obliquely, a narrow neck (/1) is intercalated, 
«hile the posterior end of the individual is drawn out into a more or 
less elongate process; in some species this posterior prolongation is 
branched, being provided with one or more ventral outgrowths. The 
longitudinal furrow continues only as far as the main body (fig. 224 D, s) 
and the flagellar aperture (//>) is located at its lower end. The transverse 
agellum extends from here to the transverse furrow and encircles the 
latter in the usual way; the longitudinal flagellum has not yet been 
certainly recognised. The wings (two transverse and two equally 
developed longitudinal ones) are less markedly differentiated than in 
.* Benera previously discussed and are not always provided with 
stiffening ridges. The membrane is usually smooth. 

Of the reproduction of the Dinophysiales little is known (31.124. 
*5*. «s 8 ) In several cases multiplication of the individuals by oblique 
ongitudinal division has been observed, in which case the two halves 
of the membrane separate, the missing half being formed anew 
(figs. 223 J, K; 224 C). 


lidlT I H h n han ? si rt' F ‘ t } in % >h g s i S recurva Kof - et Skogsb., from right-hand 

H eVe ' '' Mwr. & Whiting. J. K. Phalacrona 

valve- M a !°o' V Piva,ve; *- « irdle (transverse furrow); /,, hypo- 

I transverse H,I Ud l , | na *■ sulcus (longitudinal furrow); su. suture; 

K foS S K m; u'’ wing. (E. F after Lebour; H after Schiller; I afte^ 
ixoroid & bkogsberg; the rest after Schiitt.) 
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The relation of the group to other Dinophyceae is variously inter¬ 
preted. Among the species of Prorocentrum there are several in which 
the flagellar pore has shifted somewhat on to the ventral surface and 
in such the tooth follows suit. This tendency is regarded by Schiller 
(045) p. 47) as pointing the way to the Dinophysiales which the 
Prorocentraceae also resemble in the antero-posterior division of the 
membrane into two halves, the compression of the cell along this 
plane, the more or less band-shaped transverse flagellum, and the 
occurrence of curious much enlarged cells which are possibly repro¬ 
ductive. If I understand Schiller rightly, he suggests that the dorsal 
tooth of Prorocentrum has in the Dinophysiales enlarged to form the 
epivalve, while the slight depression from which the flagella often 
arise in the former genus and which thus comes to lie on the ventral 
surface has widened to form the transverse furrow. As a transitional 
form between the Prorocentraceae and the Dinophysiales he regards 
Palaeophalacroma (fig. 224 F) where the transverse furrow (<») is 
represented only by a horizontal ridge, whilst the longitudinal furrow 
(5) is very narrow without marginal wings. 

Kofoid and Skogsberg<86), on the other hand, derive the Dino- 
physiaceae from Amphidinium among Gymnodinioideae (p. 68-?) by 
way of the genus Thecadinium. 'Phis includes two sand-inhabiting 
forms, originally described as species of Phalacromaiss), with a verv 
simple structure. The species of Thecadinium resemble Amphidinium 
in the possession of a soft envelope and a very small epivalve (fig. 224 
E, e), but differ in the lateral compression of the body and the presence 
°k a longitudinal suture. The latter feature, which is characteristic of 
the Dinophysiales, seems to mark off Thecadinium sharply from the 
Dinokontae. Moreover, the simple structure of these forms, as 
. chiller points out, may well be a result of their unusual habitat. 


B. Dinokontae 


he Dinokontae include the main line of development of the Dino- 
p yceae and show considerable homogeneity. Whether, in conformity 
\\!t\ the view of Kofoid and Skogsberg just discussed (cf. also (io*>), 
the Dinophysiales should be included here as a specialised series 
must for the present remain an open question. None of the forms 


ebriolum kT d,v «'°" ; seen from posterior end. K. Thecadinium 
solenia intin c ‘ Sk ° Ksh . / •daenphataenmu, verruesum Schill. (i, Amphi- 

(trans Jl " Murra V & Whinny. «■, epivalve;//>, Hayellar pore; g, girdle 
■ongitudina U f r ;Z \ lonK,tud,na » neck ; />, pore; r. sulcus 

B Hafter S h rr r- ,ra . nsverse r Ha «ellum; re. winy. (A. D after Kofoid; 
Ko?„,?& " StU " c • E Hcrd m .n; K af.cr Sch.lkr; ( ; af,„ 
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considered in the following possess a membrane composed of two 
halves separated by an antero-posterior suture, although all show 
essentially the same furrow-structure as the Dinophysiales. The 
motile members exhibit a great range of differentiation and are 
classed as 


Order I. DINOFLAGELLATA 


The individuals are commonly more or less subcircular, ovoid or 
pyramidal in outline (fig. 225 A, C) and are often flattened dorsi- 
ventrallv so that the end-view appears more or less subelliptical 
(cf. figs. 229, 230). In many cases they are provided with a well- 
marked envelope consisting largely of celluloserios. 108), and in the 
advanced forms composed of a definite number of regularly arranged 
and often elaborately sculptured plates (cf. figs. 229-31). In a con¬ 
siderable number of genera of the Gymnodinioideae, however, a 
membrane is apparently lacking or indistinct. The protoplast, which 
is bounded by a firm plasma-membrane, is provided with two furrows, 
the one (girdle) transverse and the other (sulcus) longitudinal, and 
this structure, which is eminently characteristic of all Dinoflagellata, 
is exhibited also by the overlying envelope when that is present 
(fig. 225 A, F). 

The transverse furrow is usually well marked and, with few 
exceptions (e.g. Hemidinium , fig. 225 B), completely encircles the cell, 
separating the apical half (epivalve) which is directed forwards during 
movement from the antapical half (hypovalve). The longitudinal 
furrow, which is not uncommonly rather broad and often less distinct, 
lies on the ventral flank of the usually flattened cell. It is often 
confined to the antapical half (fig. 225 A, s), opening into the trans¬ 
verse furrow (g) at its upper end, or it may continue across the latter 
for a varying distance into the apical half (fig. 225 F). In Gonyaulax 
(fig. 225 D) it almost reaches the anterior extremity, but this is 

unusual. . 

In some cases the transverse furrow follows a more or less horizonta 
course, the portions to right and left of the sulcus being at practica y 
the same level (fig. 225 A, C). There is, however, often a slight spiral 
trend (fig. 225 F, I) and in Gyrodinium (fig. 225 E), for example, t e 
transverse furrow appears as a steep spiral and the two sections o 1 
visible on the ventral surface are far apart, though linked by a part 
of the longitudinal furrow, often known as the intercingular area {s). 
In most cases the spiral transverse furrow descends to the lett^as 
seen from the dorsal surface), 1 the left-hand part °n the ventra 
surface being nearer the apex than the right-hand part (hg. 225 r;. 


» It is usual to describe the cell of the Dinoflagellata ^ to its 

aspect from the dorsal surface, the apical pole being d.rected forwards. 
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But the opposite condition (winding to the right) also occurs, and 
among the species of Peridinium there are some in which the furrow 
descends to the left and some in which it descends to the right. 

In the majority of Dinoflagellata the two flagella emerge through 
separate apertures in the membrane, often close together at the point 
where the furrows meet, hut sometimes (fig. 225 F; Gyrodiniutn, 
fig. 225 E) more or less markedly removed from one another; in the 
Peridinioideae they pass out through a common slit-shaped aperture 
(fig. 230 A,//>). The band-shaped transverse flagellum, according to 
Kofoid and Swezy (<«S) p. 11 ; cf. also (38)), consists of a deeply staining 
fibril with a one-sided wing, somewhat longer than the fibril “and 
thrown into ripples or folds of wider amplitude than the fibril”. 
When the individual is viewed from the ventral surface with the apical 
half directed forwards, this transverse flagellum extends from its 
point of origin to the right along the transverse furrow and, passing 
round the dorsal surface, reappears again on the left-hand side to 
terminate close to its starting-point (fig. 225 A, C, D). It thus 
encircles the individual, but is confined to the furrow and does not 
project in any way. The second flagellum is a fine thread (sometimes 
also band-shaped), often considerably longer than the body of the 
cell, and is directed backwards during movement; its proximal portion 
lies in the longitudinal furrow, but the greater part projects into the 
surrounding water. Ohnoau) has described a Gynmodinium with two 
longitudinal flagella. 


According to Metzner and Peters ((no), (133); cf. also (38)) both 
flagella arc concerned in movement. The transverse flagellum which is 
coiled in a close spiral exhibits, as in the Desmokontae, undulating 
movements and, according to Metzner, causes a direct forward pro¬ 
pulsion whilst at the same time conditioning a rotation of the individual. 
The longitudinal flagellum, which likewise shows undulatory move¬ 
ments, swings in a narrow orbit lying mainly in the dorsoventral p ane 
and gives a marked forward push, whilst simultaneously acting as a 
rudder (cf. fig. 225 G, J). According to Lindemann<«°«> both flagella 
are about equally responsible for movement in Hermdimum, and loss 
of the one or the other does not appreciably alter the movement, except 
that under these circumstances the anterior end of the in ivi ua 
exhibits a slight circular motion. 

Pascherd .8) has described a remarkable colourless form, Chpeodtmum, 
in which the longitudinal flagellum is lacking, while the antapical h *‘ 
of the body is developed in the form of a hollow cone Fonvard 

progression is in this case brought about by r f h y; hm,c t Cont ;? C ^" 
expansion of the medusa-like protrusion of the antap.cal half (cf. 

Medusnchloris, p. 88). 
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(a) THE UNARMOURED FORMS (GYMNODINIOIDEAE) 

The Free-living Types 

The simplest members of the Gvmnodinioideae are found among the 
Gymnodiniaceae in the genus Gyinnodiniuin (S8), whose species occur 
both in fresh and salt water. A considerable number are believed to 
be naked (cf. however (00), (166)) with a smooth, striated or ribbed 
periplast, in many cases allowing of considerable change of shape. 
According to Kofoid and Swezy (<ss> p. 41) such change of shape 
occurs especially in the antapical region where waste matter is 
extruded and in the neighbourhood of the longitudinal furrow, where 
they believe that food is ingested. Some of the freshwater species 
have, however, been shownof>6) to have a delicate cellulose membrane 
exhibiting a number of equal hexagonal fields (fig. 225 I). The trans¬ 
verse furrow runs approximately across the middle of the cell and is 
either completely circular, as in the freshwater forms, or slightly 
spiral, the spiral descending to the left as seen from the dorsal surface 
(fig. 225 F). Many of the marine species lack chromatophores. In 
some of them the peripheral cytoplasm contains radially arranged 
rod-shaped mucilage-bodies which rapidly swell in water to form a 
wide mucilage-envelope< i6 7 >. 

In Amphidnuunn, 22.jo.ss) the transverse furrow is shifted close to 
the anterior end (fig. 225 H, K), so that the epivalve (<•) is very small, 
while in Conrad’s Massartiauz) just the opposite obtains, the hypo- 
valve being very minute. In Cochloditiium (fig. 226 F) the body is 
spirally twisted with the consequence that the transverse furrow runs 
more than once (up to four times in C. augustum) around the cell, 
while the longitudinal furrow is more or less curved. Gyrodinium 
(cf. p. 680 and fig. 225 E), which also belongs to the Gymnodiniaceae, 
shows only a slight spiral twist. These forms, as far as our present 
knowledge goes, are all naked. 

A very remarkable organism, often placed in a separate family, is 
the marine Polykrikos do.74.136..38), one of the few motile colonial 
types so far known among Dinophyceae (cf. also Gonyau/ax series , 
P; !” Polykrikos (fig. 226 A) two, four, or eight Gxmnodinium '- 

. individuals are united to form a chain, in which all the cells are 
orientated in the same sense, the longitudinal furrows being combined 
to form a common sulcus (s) which extends nearly to the two ends 
C rJJ’"- Each '^dividual possesses both transverse (/) and longi¬ 
tudinal (/) flagella. It is remarkable that the number of nuclei («) is 
o en less than the number of component individuals, the proportion 

nert g H U K Ua k-’ * \ 2 ' The pairS ° f fla S e,,a °f two individuals are con- 
nected by rhizoplasts to a single nucleus(.ga). Chromatophores appear 

e absent and nutrition is holozoic, as in many of the non-holophytic 
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Gymnodiniaceae. According to Lebour(9 S ) the sand-inhabiting form 
of this genus (p. 665) shows lateral compression, possesses chromato- 
phores and lacks the nematocysts found in the ordinary form. 

These nematocysts are complex structures typically found in Coelen- 
terata, but among the Dinophyceae only represented in Polykrikos and 
in Nematodinium (fig. 226 G, m), a member of another family of 



Fig. 226. Dinoflagellata. A-C, Polykrikos Kofoidi Chatton; colony of 
four individuals; B, nematocyst; C, the same after discharge. U, O nop 
cornuta (Schutt) Kof. et Swezy. E, Cochlodinium archimedes (Pouchet) Lemm. 
F, Warnorvia fusus (Schutt) Lindem. G, Nematodinium armatum Uog.ei. 
, ampulla (introvert); b, cap of nematocyst; c. capsule of aame. ep» » 
, thread of nematocyst;//), flagellar pore;g, girdle; h, ypo\a , ’ .. 

tudinal flagellum; le, lens of ocellus; m. nematocyst; «. " ucIeus - gl 
p, pigment-body of same; r, axial part of nematocyst be.™* the thread 
S, sulcus; /, transverse flagellum; /*. tentacle (A after Kofo.d, E after 
Pouchet; F after Schutt; the rest after Kofoid & Swezy.) 
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Gymnodinioideae (cf. below). Broadly speaking such a nematocyst 
consists of an oval capsule (fig. 226 B, C, c) covered by a rounded cap (6) 
and containing an inverted sack-like extension (the introvert or 
ampulla, a). This includes a special axial structure (r) which bears a 
slender spirally coiled thread (/). When the nematocyst is discharged, 
the inverted sack is protruded and bears the now loosened spiral thread 
at its apex (fig. 226 C). 1 The exact function of these structures in these 
forms is unknown. Kofoid and Swezy (<»8> p. 60) also record trichocysts 
in Pulykrikos, as well as in Gymnodinium and Gyrodinium. 

.\ematodimumi$&.io2) (fig. 226 G), together with If 'arnotcia 
(Pouchetia Schiitt- osd) (fig. 226 F), Erythropsis , and other genera, 
belongs to the tamily Warnowiaceae, whose chief difference from the 
Gymnodiniaceae lies in the possession of ocelli , found only in this 
family of Dinokontae. The ocelli are highly specialised structures 
(cf. <as>, Os2)), probably serving for light-perception, and are composed 
of a refractive, colourless, often spherical, lens (fig. 226 D, G, le) 
(sometimes consisting of a number of units) and a mass of pigment 
(melanosome , p) within which the lens is partly buried. The pig¬ 
mented cytoplasm is able to move freely around the lens, sometimes 
completely obscuring it, at other times surrounding only the basal 
part ; sometimes long branches are protruded from it into the sur¬ 
rounding cytoplasm. In the more specialised forms the centre of the 
melanosome is occupied by a core of highly coloured pigment, 
commonly red, which is apparently connected with the lens and 
around which the remaining black amoeboid part of the melanosome 
is distributed. 1 he ocelli are usually found in the posterior part of 
the body, to the left of the longitudinal furrow and between the two 
extremities of the transverse furrow (fig. 226 G), the lens being placed 
anterior to the pigment-mass. There is considerable variety in the 

differentiation of this structure within the Warnowiaceae (see ( ss> 
p. 24 et seq.). v 

Opinions differ whether the ocellus of these forms has any direct 
connection with the eye-spot found in many freshwater Gymnodinia¬ 
ceae, but absent from the marine forms. Such eye-spots appear to be 
mere masses of granular pigment, situated near the point of origin of 

he eyeSfm of th 3 V l Um V**, The reSearch <* of Mast on 

v P ■ u u ' ° ,Voca,es ( P- 33 ). however, disclose a fundamental 

' “1 ty . W,th ,he struc ture of the ocelli just discussed and it is probable 
2? r ,ab ?™ developments of the ordmarv efe! 

‘ For a detailed description, see (.8), ,ss, p . 30 el seq . 
the genus, been used'tor a H membe'fof Ke'Rubiace^ 1 *" 5 estab,ishment of 
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All the members of the Warnowiaceae appear to lack chromatophores 
although the protoplast itself is commonly brightly coloured In 
A ematodinium (fig. 226 G) and IVarnouia (fig. 226 F) the body is 
twisted and the markedly spiral transverse furrow makes more than 
one complete turn about the body, while the longitudinal furrow is 
similarly twisted (ct. Cochlodinium). In Erythropsisi. 43,58.87,123) (fig. 
226 D), with a very large ocellus whose lens (/«?) shows asymmetric 
lamellation, a long process ( tentacle , te) arises from the posterior end 
of the longitudinal furrow, reaching twice the length of the body in 
E. cor nut a. T his tentacle, which appears to be a special differentiation 
of the margin of the sulcus (cf. NoctUuca, p. 691), exhibits rhythmic- 
contractions and possesses a complex structure with an axial group of 
contractile fibrils and a ^eries of circular ones(43). Buschdj) suggests 
that its main purpose is to maintain the organism in a vertical position 
in the water. The longitudinal Hagellum is often absent, but is some¬ 
times present alongside of the tentacle. In ProterythropsisW. ioy) the 
tentacle is quite short, while the transverse furrow which lies near the 
apex in Erythropsis, is located in the middle of the body. 


The Parasitic Gymnodinioideae (Blastodiniaceae) 

Only brief mention can be made of the interesting series of marine 
parasitic forms, classed as Blastodiniaceae, for our knowledge of which 
we are largely indebted to Chatton’s investigations (07), do); cf. also 
(102) p. 54). Some are ectoparasites ( Oodinium , Apodiniutn, etc.), others 
endoparasites ( Blastodinium , Schizodinium ); most of them attack 
various Metazoa (Crustacea, Pteropoda, Annelidae, etc.), but Paul- 
senella is an ectoparasite on the diatom Chaetoceras. Their relationship 
to other Gymnodinioideae is shown not only by the structure of their 
small swarmers which possess the usual furrows with transverse and 
longitudinal flagella (fig. 227 C, J), but also by the cytological features 
(large nucleus, .etc.). Several were first described as species of 
Gymnodinium (cf. (29)). 

In the case of Oodinium <11,17) the parasitic stage of O. Poucheti , 
found on the Tunicate Oikopleura dioica Fol., appears as a spherical 
or ovoid structure surrounded by a delicate cuticle and attached b\ 
a basal cushion (cf. fig. 227 A, a). When mature these structures 
become detached and are found floating freely in the water, where 
they divide successively to form numerous Gymnodinium -like 
swarmers (fig. 227 C) whose further fate after liberation is not known. 
In Apodimumus) the ectoparasite is attached by a slender stalk of 
complex structure (fig. 227 B, I)) and the process of swarmcr- 
formation (fig. 227 D, E) is complicated by the fact that the lower 
(trophocyte, tr) of the two individuals formed at each division secretes 
a new envelope and delays its further division until the uppci 
(sporocyte, g) is dividing for the second time. The successive ruptured 




Fig. 227. Blastodiniaceae. A, C, Oodinium Poucheti (Lemm.) Chatt • A 

detached parasitic stage, dividing' C swarmer HOP j* • * 

Chart - u . . . armer> t. Apodmium mxcetoides 

„„ at 5 v B ‘ [° Ur ! nd ‘'; ,duals attached at the same point, the lowest with nvo 

attaching threads; D. the first d,vision; E. later stage of muUipl.^tSn 

* H, J, Blastodifimm spinnlosum Chatt.* F cvst* O t; r «r \ 

TV. M di p’ ion ," i,h 4•r h ~> Ks "' v > 

1. K-M. Paradimun, Poucheti Chatt.; I swarmer- K i 

tr, trophocyte. (All after Chatton.)’ P d ° pod,um • s P ,nes envelope ; 
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envelopes (e) formed by the lower individuals fit into one another as 
a series of open cups (fig. 227 E). 

Blostodimum o 4 ) occurs usually as loose sack- or sickle-shaped cysts 
within the intestines of marine pelagic Copepods. In B. spimilosum 
Chatt. (fig. 227 F) one end of the cyst is pointed, while the other is 
rounded; the coarse transparent envelope (e) bears two spirals of 
short spines ( sp ), which commence near the ends and terminate a 
short distance before the middle of the cyst. Beneath these lines of 
spines the protoplast is furrowed (fu), the two furrows being con¬ 
nected in the equator of the cyst. As in Apodinium , one of the two 
individuals formed by the first division of the protoplast (fig. 227 
G, tr) remains quiescent, while the other (g) divides repeatedly to 
form numerous (250-500) sporocytes (fig. 227 H, g); ultimately the 
envelope ruptures and the sporocytes escape into the water through 
the abdominal aperture of the Copepod. They divide once again to 
give rise to gymnodinioid swarmers wlych are stated to possess 
chromatophores (fig. 227 J). The quiescent individual (trophocyte) 
formed by the first division secretes a new envelope and, after 
dividing, the one half again proceeds to form a series of sporocytes. 
It is not known how often this may be continued. A peculiar feature 
of all these parasitic forms is that nuclear division takes place well in 
advance of the division of the protoplast, so that all the stages are 
binucleate until the final division which provides the uninucleate 
swarmers. Hovasse(63) has found Blastodinium in Medusae and other 
animal hosts, but suggests that its presence there is due to the latter 
feeding on the primary hosts (the Copepods). 

In some of the endoparasites (e.g. Paradinium found in the coelome 
of the Copepod Acartia Clausi Giesbr.(i6>) the parasitic stage takes 
the form of naked amoeboid, plasmodial structures (fig. 227 K) with 
long thread-like pseudopodia (/>). Fragments of the plasmodia are 
extruded from the host as spherical structures surrounded by a firm 
membrane and provided with a wide mucilage-envelope (fig. 227 M). 
Within these cells amoebae (fig. 227 L) provided with two flagella (/) 
are produced in considerable numbers; they remain united by their 
short blunt pseudopodia (/>) for some time after liberation, but 
ultimately separate and round off to form the swarmers (fig. 227 I). 

The Affinities of the Gymnodinioideae 

The Warnowiaceae and Blastodiniaceae clearly represent specialised 
developments of the type seen in the Gymnodiniaceae whic , 
especially in such forms as Gymnodinnhn, constitute the simp es 
known members of the true Dinokontae. The relation of the Gymno¬ 
diniaceae to the simpler Desmokontae remains rather problematical. 
Most recent authorities^. 102,145) place at the base of t e >m 
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dinioideae the marine, colourless genera Pronoctiluca , 1 Oxyrrhis, and 
Entomosigma which are grouped in the family Pronoctilucaceae. These 
genera are naked or provided with a membrane, possess ill-developed 
furrows and the flagella are placed ventrally, either near the anterior 
( Entomosigma , tig. 228 A; Pronoctiluca,- tig. 228 C) or posterior 
(Oxyrrhis , tig. 228 E) end. 

Entomosigma(i of which at present a solitary species is 
known from the Mediterranean (tig. 228 A), has cells running to a 
point at the anterior extremity, the faintly S-shaped longitudinal 
furrow (s) separating the protoplast into two unequal portions. The 
transverse furrow is very short and extends round the lip-like pro¬ 
minence at the anterior end (tig. 228 B, g). The two flagella arise 
within the longitudinal furrow, the shorter lying within the latter and 
being directed anteriorly (fig. 228 A, /), while the longer (/) is trans¬ 
versely orientated and performs loop-like movements about the front 
end. The posterior extremity is occupied by a prominent food-body 
( fb )• The membrane is rather coarse. 

In PronoctilucaUi.ns.i 4 s > (fig. 228 C, K) the transverse furrow is 
again small, indistinct, and anterior 2 in position, passing for only 
about one-quarter of the circumference around the cell, while the 
longitudinal furrow (r) extends from it as a deep trough towards the 
anterior end. From the dorsal margin of this furrow arises a blunt 
rod-like tentacle (o), which is directed anteriorly 2 and is often 
markedly flexible and mobile. In one of the species the longitudinal 
flagellum is reduced to a short lash, and it is not improbable that the 
tentacle plays a considerable role in forward propulsion. The mem¬ 
brane is usually punctate (shown only on the left in fig. 228 C), while 
a large mass of a substance like starch ( a ) is located posteriorly. 

In Oxyrrhis! 51.155) the transverse furrow («) is situated towards 
the posterior end and extends from the point of origin of the flagella 
around the dorsal surface, but loses itself on the right-hand side of the 
individual (as seen from the dorsal surface) (fig. 228 E, F); its anterior 
margin is developed as an overhanging lip (fig. 228 I 7 '). The longi¬ 
tudinal furrow is a broad structure which occupies a considerable- 
part of the posterior region of the ventral surface and is divided into 
two by a pear-shaped lobe (tentacle?) (fig. 228 E, F, o), arising from 

the anterior lip of the transverse furrow and separating the two 
flagellar pores. 

It cannot be denied that there are considerable similarities between 
Entomosigma and Pronoctiluca (if the orientation assumed above is 

of pSard X ^ ) Pru,odini f er of Kofo,d and Swezy<88) and the Pelagorhynchus 

estahluL7 ,Cn, . ati0n ° f th ® individua,s in ,his K enus is not yet certainly 

n H d imd U ,s P oss,blc the tentacle and transverse furrows are 

y posterior, with the Hu^cUa inserted near that end. 




Fig. 228. A, B, Entomosigma ptrridinioides Schill.; A, from the ventral and 
B, from the dorsal surface. C, D, Pronoctiluca pelagica Fabre-Domergue; 
in C the surface-marking is shown on the left; D, the apex enlarged. E, F, F , 
Oxyrrhis marina Duj.; F', side-view. G-J, Noctiluca scintillans (Macart.) 
Kof. et Swezy; G, postero-ventral view; H, view from left side; I, J, swarmers. 
K, Pronoctiluca tentaculatum (Kof. et Swezy) Fabre-Domergue. a t foo - 
reserve (starch?);/, fat; fb t food body; g , girdle; /, longitudinal flagellum, 
;/, nucleus; o t tentacle; op t cytostome (in H); s, sulcus; /, transverse Aagel um. 
(A, B after Schiller; C, D after Pavillard; E after Hall; F after Senn; t atter 
Lebour; G after Robin ; H after Allman; I, J after Cienkowski; K after Kotoid 
Sc Swezy; G and H slightly modified, after the same.) 
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correct) on the one hand, and Haplodinium (p. 672) among the 
Desmomonadaceae on the other. Oxyrrhis is supposed to illustrate 
a further shifting of the flagella and furrow-system on to the ventral 
surface, combined with an altered orientation of the longitudinal 
flagellum, and thus to lead over to the main series of the Gymno- 
dinioideae (cf. (»s> p. 89). The members of the Pronoctilucaceae, 
however, give far more the impression of being specialised forms and 
are hardly suitable as starting-points tor the Gymnodiniaceae, which 
must no doubt be regarded as having been primarily holophytic. The 
three genera, moreover, scarcely constitute a clearly allied group and 
one may feel some doubts about their being referred to the same 
family. 

Among the Cryptophyceae the case for a ventral shifting of the 
flagella and furrow is clear (cf. p. 657) and possibly Iinto,nosigma 
illustrates the same in relation to the Desmomonadaceae. That such 
a shifting must have occurred also in the evolution of the Gymno- 
dinioideae is patent, but when it took place and exactly from what 
type of ancestry is by no means so evident. The varied position of the 
flagellar apertures and the furrow-system on the ventral surface among 
Gymnodinioideae shows that shifting has often taken place during 
evolution within the family. It must be confessed, therefore, that the 
origin ot the Gymnodiniaceae, which are best regarded as the most 
primitive members of the Dinokontae, is at present quite unclear. 
It may be taken for granted, however, that they originated from 
holophytic forms and that all the special developments among 
Gymnodinioideae that cause them to lean so heavily towards the 
animal side are later acquisitions. 


The Cystoflagellata 

Many authorities ((5.0 p. 331, < 4 g>, (70) p. 203, <8 4 >, (,o.» p. 47 , p - o) 
now regard the Cystoflagellata, and particularly Noctiluca ' (fig P 
G H), as a special offshoot of the Gymnodinioideae (cf. however ( . 4 oT) 

I he subremform or spheroidal protoplast of the mature individual is 
here inflated by numerous large vacuoles which probably constitute 
the means by which the cells float. The longitudinal flagellum (fig. 2 vS 
. /) is small but recognisable, while the transverse one (/) is repre- 
sented only by a tooth. The transverse furrow (g) is strongly reduced 

(fig 228 H S “m Vh C ' abora ' dy ?' v ' | oi* d includes a cy.os.omj 

t g. 228 H, op). 1 here is a prominent tentacle (fig. 228 G o) w hich i« 
rJcoT a th y h ° m0l0g0US with that of Erythropsis (p. 686).’ Peters(.3,, 

cytosfome 6 N^d??^ symbio f nts in ‘he neighbourhood of the 
> stome. No detailed description of this elaborate form is possible 

1 Very similar is the medusa-like Leptodiscus (57). 
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here, and the reader is referred to the account of Kofoid<8 4 ) and the 
other relevant literature^ ,21.700.137.139). 

Reproduction is accomplished by division, prior to which the 
structure undergoes simplification. At times multiple fission leads to 
the formation of numerous small swarmers (fig. 228 I, J) possessing a 
transverse furrow (g), a well-developed longitudinal flagellum (/), a 
small tentacle (o), and a marked general resemblance to one of the 
Gymnodiniaceae; these swarmers, however, possess no transverse 
flagellum(21). According to van GoorUo) and various earlier workers 
(see (140)) conjugation of two equal individuals also occurs, the zygote 
lacking a tentacle and passing through a resting period at the end of 
which swarmer-formation takes place; it is suggested that reduction 
occurs during the first division leading to swarmer-formation. Actual 
copulation has, however, not been observed and it remains doubtful 
whether the described phenomena do not merely represent stages in 
division. Hofker(6i) believes he has established a conjugation between 
the swarmers in N. scintillans. 


(6) THE ARMOURED DINOFLAGELLATA 

The Amphilothaloideae(88.io2.i52.172) comprise a few Dinoflagellata 
which are exceptional in possessing an elaborate internal skeleton 
which is sometimes silicified. They exhibit certain features which 
relate them to Radiolaria, as well as to the Ebriaceae (p. 558) (174- 
176). In the majority of the advanced Dinoflagellata the cell is 
provided with a firm envelope or armour, usually composed of 
a' series of separate plates grouped in a characteristic manner. 
In the little known freshwater Kolkicitziella{<)i,<&), however, the 
brown- or grey-coloured envelope apparently consists of a single 
piece (fig. 229 A). The transverse furrow is well marked and the 
longitudinal one extends almost to the antapical pole. Chromato- 
phores are probably present. 

The Peridinioideae 

In the Peridinioideae, the main series of the armoured Dinoflagellata, 
the majority of the species possess chromatophores and are essentially 
holophytic. As in the Dinophysiales and the Gymnodinioideae we 
can distinguish an apical epivalve, an antapical hypovalve , and the 
intervening girdle (fig. 229). Each of these is made up of a series ° 
unequal polygonal plates, the number and arrangement of which is 
an important aid in classification, although Lindemann ((97), (*<», 
r 100), cf. also (96)) has shown that there is considerable variation among 
the individuals of a population. Adjacent plates of the e n v ^°P« 
usually overlap by their knife-like margins (fig. 230 C, r) \n ic a 
firmly cemented together, the sutures between them being often nut 
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not always clearly recognisable (fig. 229 C, J); treatment with warm 
dilute potash generally causes the plates to fall apart. 

Frequently the plates are connected by prominent intercalary bands , 
which are commonly striated (figs. 229 G, H; 230 B, *) and which 
appear to widen considerably in older individuals, thus admitting of 
some increase in the dimensions of the cell (108,132). In many species 
the plates are ornamented by numerous areolations (fig. 229 D) and 
the margins are frequently produced into ridges or beset with teeth 
or small spines (fig. 229 F, I). In particular the edges of the girdle 
are often developed as ridges, making the transverse furrow especially 
conspicuous (figs. 229 D-F; 230 A, B). In Protoceratium (fig. 229 B) 
there is a system of strong reticulate ridges, often bearing spines at 
the corners and usually altogether obscuring the limits of the plates 
forming the membrane (6). The plates are usually pierced by pores 
(fig. 23O G, H, o; cf. p. 667), one of which not uncommonly occupies 
the centre of each areolation, whilst in many cases there is a particu¬ 
larly conspicuous pore at the apex of the epivalve (figs. 229 I; 230 A). 

In the common genus Peridininm (Peridiniaceae)(s.-8) the indi¬ 
viduals are commonly ovoid or subcircular in outline as viewed from 
the ventral or dorsal surface (fig. 229 D, E), while an end-view is 
often reniform owing to the slight concavity of the ventral surface 
(fig. 229 G, H). The antapical end is frequently produced into a pair 
of small horns. The broad transverse furrow is faintly spiral, 
descending to the left or to the right; it usually has projecting rims, 
and is situated slightly but distinctly below the middle of the body 
so that the hypovalve is smaller than the epivalve (cf. fig. 229 E, F, I). 
In Gonyaulax (fig. 225 D, p. 681) the transverse furrow is markedly 
spiral. The broad longitudinal furrow of Peridinium often extends 
beyond the transverse one for a variable distance into the apical half 
of the individual (fig. 229 D, I). In the closely allied genus Diplop- 
salis (6,94,157) (fig. 229 C) the left-hand margin of this furrow is 
produced into a wing (tc) which may extend over the antapical pole. 


The plates of the epivalve are more numerous than those of the 
hypovalve which are almost invariably seven in number. Among the 
former one distinguishes those immediately adjacent to the apex as t e 
apical plates (fig. 229 F, G, a), whilst those adjacent to the girdle are 
known as the precingular ( pre-equatorial ) plates (fig. 229 F, G, p), o 
the latter there are nearly always seven, while the number of apica 
plates varies. In many species of Peridinium one finds on the dorsa 
surface of the epivalve a number of accessory plates intervening between 
the apical and the precingular plates (fig. 229 F, ac). The^ 
of the epivalve mav be occupied by a single plate (e.g. . ’ 

but is more usually covered by several. Occupying ™ dd,e 
ventral surface, and extending from the upper end of the longjtud n 
furrow either to the apex or close up to the apex of the epivalve, 
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characteristic rhomboidal plate (“ Rautenplatte ” of the Germans, fig. 
229 G, I, r); this is one of the apical plates. 

The hypovalve similarly consists of two antapical plates (fig. 229 
F, H, /) and five postcingular ( postequatorial ) plates, adjacent to the 
girdle (fig. 229 F, H, po ); the former cover the posterior extremity of 
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the individual, while the latter are interrupted on the ventral surface 
by the longitudinal furrow. Mangindo6) has drawn attention to the 
fact that the suture between the two antapical plates may be curved in 
contrary directions in different individuals of the same species. There 
are no accessory plates on the hypovalve of Peridiniurr, but one occurs 
in Gonyanlax* 83) (fig. 229 L). In the marine Goniodoma (fig. 230 A, B, 
D, E), which otherwise closely resembles Pendinium, there are three 
antapical plates, two ventral and one dorsal (fig. 230 D, t). The girdle 
and sulcus are no doubt likewise composed of a series of plates, but 
these are usually not easily recognisable and are at present imperfectly 
known (cf. <781, <1521); in Goniodotna, however, the sulcus consists of 
two plates above and one below the girdle (fig. 230 A, s, s'). The girdle 
often becomes detached as one ring-shaped piece (fig. 230 I). 

The simplest members of the Peridinioideae are the Glenodiniaceae 
with a thin unsculptured envelope which is, however, divided into 
a series of numerous polygonal, delicately areolate fields, usually only 
distinguishable with difficultyuoo. 1661. Glenodinium (fig. 229 J, K), 
except for the inequality of these fields, is very similar to Gymno- 
dinium; the majority of its species occur in fresh water and several 
possess large prominent eye-spots (fig. 220 A, p. 666). The arrange¬ 
ment of the areas on the membrane is very similar to that above 
described for Peridiniaceae. Conrad 1211 has described an allied genus 
( Phyllodinium) which is strongly flattened dorsoventrallv. A more 
specialised form is Hetnidinium (fig. 225 B, p. 681) in which the 
markedly spiral transverse furrow occupies only the left half of the 
elongate-ovoid individual 057. if>8>. 

It can hardlv be doubted that the Glenodiniaceae are derived from 
simple Gymnodiniaceae in which the membrane has undergone 
differentiation in the direction characteristic of the Peridiniaceae. 
Young individuals of Peridinium , etc., likewise show a simple primary 
membrane divided into polygonal fields foreshadowing the future 
plates (prtrcalvale stage , cf. Oooi, (1021, ooj> p. 98). According to Schiitt 
(<« 54 > p. 611) this primary membrane is pierced by pores which 
persist as the centrifugal thickening leading to the production of plates 
takes place. Similar pores have been recorded in Hemidimumub&). 
The plates of Peridinium, etc., are thus superadded on a primary 
Glenodiniaceous structure (cf. also 0051). According to Kofoid (t8» 
the thick cellulose envelope is bounded externally by a cuticle . 

Of the more specialised members of the Peridinioideae the most 
widely distributed is the genus Ceratium <37. 69.92. 161 >. whose species 
are abundant both in freshwater and marine plankton. The) appear 
to be invariably hoiophvtic. The individuals are markedly asymmetric 
(fig. 231) and usuallv stronglv flattened dorsiventrally (fig. 231 H). 
Thev are produced into one apical and two or three long antapical, 
hollow horns (fig. 231 A, D) occupied by cytoplasm, the lormer 
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usually bearing an apical aperture (lacking in C. hirundinelLi). In 
man y of the marine species the antapical horns are curv ed forwards 
(fig. 231 E), while the species found in tropical waters in general have 
longer horns than those from arctic seas 151'. The girdle (/) is nearly 
horizontal in its course and divides the body into two approximately 
equal, but dissimilar halves. The plates composing the membrane are 
markedly areolated, being connected by rather narrow sutures. On 
the middle of the ventral surface there is a large rhombic, unsculp¬ 
tured, hyaline area ( h) which interrupts the transverse furrow. 
Kofoid (irs» p. 2q) regards the whole of the hyaline area as homologous 
with the longitudinal furrow of a PeriJmium . but on other interpreta¬ 
tions the longitudinal furrow occupies only the left-hand margin of 
this area. The opposite margin often harbours a funnel-shaped groove 
(absent in C. hirunJintlla) which serves to accommodate the apical 
horn of the next individual when temporary colonies are formed 
(fig. 231 E). 


Such colonies occur in marine species s.rc- . but often consist of only 
two individuals. Colony-formation is also known in Gonxaulax and in 
G. sfnts S5» the successive individuals are separated by but slight 
constrictions and there is a progressive reduction in size in passing from 
the central to the terminal individuals. Owing to the practically com¬ 
plete fusion of the individuals their apical and antapical regions are 
non-developed, but the entire envelope is found m initial stages of 
formation on the terminal individuals. The cell-contents form an 
unbroken axial mass of cytoplasm, but it is probable that there is a 
nucleus to each individual (cf. also >;>). This case should be compared 
with Poiy krikos (p. 6S3). 

There are in Ceratium four apical plates 1 tfig. 231 H. a), a number of 
which combine to form the apical horn (fig. 231 I), and two antapical 
plates producing one of the antapical horns, while the others arise from 
postcingular plates (fig. 231 I. po) which like the precingular ones are 
twe in number (fig. 231 H); there are no accessory plates. 


In the abundant freshwater species Ceratium hirundinella (fig. 231 A) 
the antapical horns are two or three in number and. both in this 
respect as well as in the relative lengths of the different horns and 
their size as compared w ith the main body of the cell, there is a great 
cal of variability. 5 Amman u) records specimens found in spring 
with a single antapical horn. Continental observations on the occur¬ 
rence of this ubiquitous species have frequently demonstrated a 
certain periodicity in the appearance of three- and four-homed forms 
in the size ot the body (cf. especially According to Krause go 1 
c ength of the apical horn is equal to the difference in length 
between the two main antapical horns multiplied by the number of 


L 


^ery rarely three or tive(t$4«2>. 

Cl. U3>, <40». (50). <0C\ <gc». (X02), (163). 
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horns. He is of the opinion that the various forms often found 
intermingled in the same piece of water represent stages in the de¬ 
velopment of the normal form. Pearsall (130) relates the decrease in 
size observed from summer onwards to alterations in the character 
of the wall. Entz(i73) has studied the relation between surface and 
volume during the growth of this species. 

Many of the marine species at times shed the greater part of their 
horns by the formation of circular clefts due to local solution of the 
cellulose wall. This of course leads to a reduction in specific surface 
which will result in sinking, and such individuals with stunted horns 
are indeed most abundant in collections from deeper levels (76). Kofoid 
suggests that this phenomenon is related to temperature-changes. The 
same authority (81) has drawn attention to the fact that the frequent 
asymmetry evident in the processes of Ceratium and other Dinoflagellata 
has the effect of causing the organism to assume a position with the 
long axis horizontal as soon as it commences to sink. This will ap¬ 
preciably decrease the rate of drop, while not interfering with progression 
by means of the flagella, since it is combined with rotation of the 
organism around its long axis. In a number of the species of Ceratium 
sudden changes after division on the part of one or more individuals 
and apparently of the nature of mutations have been recorded (77). 

Apart from the genera already considered there is considerable 
diversity in the organisation of the Peridinioideae. In Ceratocorys 
(80.157) (fig. 232 A) the transverse furrow ( g) is shifted close to the 
apical pole and its margins are commonly markedly produced as 
prominent collars below the relatively small lid-shaped epivalve ( e ). 
There is thus a certain superficial similarity with Phalacroma (p. 675). 

he hypoyalvrc (/j) usually possesses a number of long processes with 
a definite central axis. In Kofoid’s Acanthodinium ((75) p. 193) almost 
every plate of the envelope is provided with a long process, forked 
at its extremity (fig. 232 B). The pear-shaped individuals of Podo- 
ampasi 79.157) (fig. 232 C) are peculiar in lacking a marked transverse 
urrow, its place being taken by a narrow band-shaped strip ( g) which 
is scarcely sunk and is fused to the lower ends of the precingular 


9 cornutum Clap, et Lachm.; B, early stage in division; 
r ’ j°r-» r daughter-individuals before the new half of the membrane is 

N.Wk , U y R rown individual, ventral surface. E, C. tripos (O. F. M.) 
ft °°, y \ a * a P ic *l Plates; g , girdle; h, rhombic area; n, nucleus; 

KofniH! n # U < - r r P at T CS: P °l P° stc ‘nfiular plates; t, antapical plates. (E after 
. , after Lauterborn; H, I after Lindemann; the rest after Schilling.) 
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( c ) THE PALMELLOID DINOFLAGELLATA 

(DINOCAFSINEAE) 

Only one palmelloid form has so far been described among Dino- 
kontae, the genus Gloeodinium ((73) p. 411, (no) p. 45, (141)). 1 This is 
a moorland alga with packets of rather large cells embedded in 
stratified mucilage and showing the typical structure of the Dino- 



Fig. 232. A, Ceratocorys horrida Stein, individual viewed from the right- 
hand side, showing part of the ventral surface. B, Acanthodmmm 0*0'"- 
phyllum Kof., ventral view. C, Podolampas bipes Stein, ventral view. L>, b, 
Gloeodinium montonum Klebs. e, epivalve; g, girdle; h, hypovalve; l, longi¬ 
tudinal flagellum; t, transverse Hagellum. (B after Kofoid; D, t after Kle s, 
the rest after Stein.) 

phycean cell, except that furrows are not recognisable (fig. 232 D, E). 
Killian (71) records reproduction byswarmers resembling a Hemtdinium 
and Geitler ((48) p. 223) states that he can confirm this. Pascher 
((,.«,) p. 46) speaks of other freshwater and marine Dinocapsineae 

without giving details. 

. According to Geitler ((48) p. 223) the alga known as Chroococcus macro¬ 
coccus is identical with Gloeodinium montanum. 
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The Reproduction of the Dinoflagellata 

The essential facts relating to the reproduction of Noctiluca (p. 692) 
and of the Blastodiniaceae (p. 686) have already been given and the 
subsequent matter deals with the remaining forms regarding which 
our information is rather fragmentary. The ordinary method of 
multiplication is by division of the cellso.) and this usually takes 
place obliquely along the longitudinal axis (figs. 233 B, C; 231 B, C, 
F, G). The process shows various modifications, but several of these 
can occur at different times in the same species ((ss) p. 69, <i M ), (103)). 

In some cases ( Gymnodinium , Ceratium) division occurs during 
movement, each daughter-individual receiving one flagellum from 
the parent and forming the other afresh (cf. figs. 231 F, G; 233 A; 
and 22° G, p. 666). In Gymnodinium , Glenodinium, and a few species 
of Peridtmutn, the entire individual often divides, the envelope when 
present not rupturing, but growing over the surface of the dividing 
protoplast pari passu with its fission (fig. 233 A). In Ceratium <. 37.107) 
(also in Gonyaulax according to Kofoid< 7 6)), on the other hand the 
elaborate envelope splits into two, the line of rupture always running 
between d e fimt e plates (fig. 231 B, C. F, G). As the enlarging proto- 
plast divides the two portions exposed by the rupture of the parent- 
envelope gradually assume the characteristic shape of the species 

W 2 tV • • 11 ? n0t until some ,itt,e time after fission is complete 

that the missing plates of the membrane are gradually formed In 

”nZ m t 7 T'• acco rd 1 n g to Mangin(.o 7 >, the two daughter-cells 
of hnHrl u at 7 gH : angles to one another. Multiplication by a kind 

be aTsor^f^ 5 a u° been recorded for Ceratium (4 .8) and is stated to 
sociated with amitotic division of the nucleus (cf. however ( 51 >) 

Ce^afion y of aS ^ ,Si0n iS ^f Cted durin g 3 sede "tary phases *. I4 s). 

traaion of hT 'T ,s /® ,,owcd b >' a "tore or less marked con- 

either foflL P ^ (fig ’ 233 B) ‘ ° blic l ue ^vision may then 

rupture f Th" ° nCC * , the two L new individuals being set free by the 
rupture of the parents membrane (e.g. Peridinium fig r n\ 

diVidCS aftCr it HaS esca P ed' from Vhe Matter! 

before its y iih^ t^ 0nt r aCted L pr ° t0plaSt ac< l u,res a new membrane 
walled comt l 011 1 *°™ ^ ° ,d ° ne 2 33 M> and the thin- 
period’ In mo? SphCriCa . CySt * thus form ed may rest for a varying 
mem ihev < T # ’ g ‘ Ve . n favourab le conditions for develop? 

(fig n , merel y a passing phase, the protoplast soon dividing 

esca P ed 3 D roton.i?T nCW m ° til ! individuals - At other times thl 
apparently dS beCOI ? eS envelo P ed in mucilageo,,..*) and may 
(fig. 233 E) d SC ' era t,mes w, tb«n the envelope thus provided 

escape ^I°nlSed ^ f ° rmS a PP ears not infrequently to 

naked gymnodinioid swarmer (fig. 233 G, H) which. 



• 233- Reproduction of the EhreTb.) 

alum Kof., dividing individual. B,,C, , ta bulatum ?), completed 

Siom E^ndere^rnTm^^odmioid form showing repeated 
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without division, after some time secretes a new envelope (76,121) 
(fig. 233 I). In such cases of rejuvenescence, as well as in the above- 
described division-process involving only the protoplast of the 
armoured forms, the individuals pass successively through a naked 
(avalvate, fig. 233 G), a gymnodinioid (fig. 233 H), and a prevalvate 
stage (fig. 233 I, cf. p. 696) before reaching the condition with the 
mature envelope (fig. 233 K) (cf. especially < 3 6>, (.03)). This return to 
the gymnodinioid condition furnishes clear evidence for the view 
that this represents the primitive type among the Dinoflagellata. 
Entz( 3 6) also describes for Peridinium Borgei stages devoid of flagella 
but enveloped in mucilage, which exhibit amoeboid movements. 

Resting cysts , 1 with a thick membrane and abundant food-reserves 
and often of characteristic shape, have been observed in a number of 
species and are certainly of wide occurrence in freshwater forms 
where they constitute the means of survival during unfavourable 
periods (.64). In Ceratium hirundinella they have been shown to retain 
their vitality for six or seven years (67). They are not always sharply 
distinguishable from the above-mentioned thin-walled cysts formed 
prior to division. They are sometimes spherical (fig. 233 O) but 

an!Tr m0, i! y P ossess a distinctive shape (fig. 233 F), occasionally 
approaching that of the ordinary individual (fig. 233 N). The mem- 

in?l?,V P ? earS ° ften !° C ° nsist largeIy of ce,lulose > while the contents 

en « .f 8 r° gen> VOlutm * and some fat - In Ceratiumu*.by) the con- 

foflnw^ c C ®* rn V“; ,ng c y st esca pe as a gymnodinioid swarmer, 

and ebhnrT ^ th ® P re , ceratium ” P h ^e in which the typical shape 
and elaborate system of plates are gradually acquired. 2 F 

veX h n e o!f tenCe ° f 8eXUal re P ro< ^ uc tion 3 among these forms is still a 

rarToccurrencr'z’d^t thCre ^ ^ " 0 d ° Ubt that ’ if il exists * il is o{ 

between r£ Ze ? erbau r er(,7,) and Entz( 3 2. 34 ) recorded a copulation 
between the protoplasts of two individuals in Cera/,urn, observations 

* wSk (35 S (36) ’ (4,) * (70) * (,48) * (,64) - 

of the cysts e Ind n the fom * n ^ uence ,°. f external factors on the germination 

* See also ° f J the resultin « individuals, see (68). 

referred to on P p 7 692. //> * m ° < * m ' U " ,) ‘ The SCXUal re P roduct ion of Noctiluca is 


I • • « 

Periphery ^ 1 *- ren3na n ,s of the original envelope visible at the 

with P cyst;' P^bhiu^reTys^G ?'K P ^ = F> *"***“> 

successive stages in Pend,m " m ovatum (Pouch.) Schutt., 

dinioid stage- I nreva^r G * esca P e of Protoplast (/»); H, gymno- 

Ehrenb., division L i? 8 * 1 K ’ mature "dividual. J, P. cinctum 

L, division of ie N P i Klebs: M - «cape of cyst; 

onglicum West cyst within (W ° losz ) Lindem., cyst. O, Peridinium 

pogiel; B, C afteJ slitTfT °/ pa J! n ,!' P l‘ P i 8 mc nt-mass. (A after 

Eindemann; pXUSi £*2 ^ F ’ ° ^ ^J' N a *~ 
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that have been called into doubt by various subsequent writers(68,70). 
From more recent observations it appears that such union is due to an 
escape of cytoplasm from the longitudinal furrow, such protoplasmic 
exudations uniting with one another in a pair of individuals (cf. (39)). 
Similar conditions have been observed in marine planktonic forms(i22). 
Many believe the phenomena to be pathological. 

Hall (si) describes binucleate cysts in Ceratium hirundinella (fig. 233 P) 
and supposes them to have resulted from sexual fusion. EntzUi) who 
also observed such cysts, on the other hand, considers them to be due 
to amitotic division of the nucleus. 


(d) COLOURLESS AND RHIZOPODIAL FORMS 

(RHIZODININEAE) 

Mention has already been made of the fact that a large number of 
the Dinoflagellata are colourless, which is especially common in the 
marine forms. Moreover, in many cases colourless and pigmented 
species occur in the same genus ( Gymnodinium ). Chodat’s Bernardi- 
niurn ((20) p. 40) is a colourless form resembling Hemidirtium in the 
fact that the transverse furrow extends only part of the way round the 
cell (fig. 234 A). Some of the colourless forms are no doubt sapro¬ 
phytes, but a large proportion appear to carry on holozoic nutrition 
which is readily accomplished owing to the faculty of the protoplast 
to put forth pseudopodia from the neighbourhood of the flagellar 
pores (cf. p. 667 and (26), ( 39 ), (95), (157)). Certain forms like Gyro- 
dinium hyalinum (146) can at such times become perfectly amoeboid 
(fig. 234 B, C). There is abundant evidence (32.127), too, that holophytic 
forms (e.g. species of Gymnodinium , Ceratium) may occasionally feed 
in the same way and may then acquire a rhizopodial habit ((60), (89), 
(116) p. 132, (ti7))- The Blastodiniaceae are highly specialised parasites, 
some like Paradinium (p. 688) being altogether amoeboid. According 
to Hovasse and Teissier (64.6s) many of the Zooxanthellae of Coelen- 
terata are actually Dinophyceae, a conclusion based on their nuc ear 

characteristics. , 

In view of these facts it is not surprising that some members o 
the class have adopted a definite amoeboid form, and one of t ese, 
Dinamoebidium , 1 has been fully described by Pascher(u6). is is a 
large, colourless, marine amoeba (fig. 234 D) creeping over t e su 
stratum with the help of short plump pseudopodia and P os ^ es ^ 
large prominent nucleus («) containing numerous fine c rom 
threads. No stages of division have been observed, but t e or & 
normally forms elongate cysts, in shape somewhat h e t e se g 
of an orange and provided with thickened gelatinous jP Qr 

E, F). Within these cysts the protoplast divides successiv y 

1 First described as Dinamoeba. 
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three times (fig. 234 G, I) and the products ( s ) develop the two furrows 
characteristic of the Dinoflagellata and escape as gymnodinioid 
swarmers by complete gelatinisation of one of the apices (fig. 234 H). 
Particles that had been ingested in the amoeboid stage are left behind 



nwe 2 Chod C °B am0cl ? oid . Dinop hyceae. A, Bernard,nium bernardi- 

«Wi C. ”■ < 5 C J hm ) Kof - « s " ez V. B. flagellate 

(amoeboid) staee- F th ° L * { ),na ” ,0 * b,dtu ”> vartarn Pascher; D, normal 
?. I. the sameX^Pon ^ ; F. mature 

tion of swarmers; I swarmer K 1''^ swarmers respectively; H. libera- 
amoeba. /, flagellum ft ^ Same * ! how,n 8 metaboly ; L, young 

(A after Chodat; B, C after Schilling• jh*' r?«aftir ft!!*.'” =' *' S ' V “ m ’"' 

markedly 1 metaboHtT'annear't T | h '. Sw . arn } ers <%• *34 J). which are 
Pascher comments on Sf+Hi ^ the ,on g ,tud «nal flagellum and 

a very short motiie period and ££ 
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pronounced and the swarmer gradually changes into an amoeba 
(%• 2 34 K-, L), the flagellum apparently being absorbed into the 
protoplast. The cysts show considerable resemblance to the individuals 
of the holophytic Cystodinium described below. 

Dinamoebidium has thus assumed an amoeboid condition in the 
normal phase of its life, and the flagellate stage is of quite brief 
duration. Without a knowledge of this phase, however, it would be 
regarded as one of the Rhizopoda, although its nuclear structure hints 
at its correct assignation. As already mentioned amoeboid stages are 
known in species of Gymnodinium and Gyrodinium, but here they do 
not appear to represent the normal habit as in the case of Dinamoebi- 
dium. It is instructive to compare Dinamoebidium with similar 
amoeboid forms among Xanthophyceae (p. 499) and Chrysophyceae 
(p. 534). Various authorities (cf. (5*) p. 96, (117) p. 75) have com¬ 
mented on the resemblance between the swarmers of some Radio- 
larians and the naked Dinoflagellata, a matter worthy of further 
investigation (cf. also p. 692). 


Order II. DINOCOCCALES 

Since Ivlebs’ important memoir(73) on the alga-like Peridinieae, 
coccoid organisation has been a familiar feature of the Dinophyceae, 
and our knowledge of these forms has been appreciably extended by 
Pasche *(119). As in other coccoid series, some Dinococcales propagate 
by zoospores, whilst others exhibit no motile reproductive cells, but 
the difference in behaviour appears here to be in general only a 
specific feature. 

Cystodinium (47.73) has more or less lunate cells, with tips often 
markedly produced, containing numerous parietal brown-coloured 
chromatophores and a large more or less excentric nucleus (fig. 235 A). 
In the ordinary vegetative individual there is no indication of furrows 
or stigma, but these appear in some species as the protoplast contracts 
prior to division (fig. 235 B, G); at the same time the chromatophores 
assume a more or less radial arrangement. The contracted ast 

then divides into two or four portions (fig. 235 C, H) which are 
liberated as swarmers with the typical Dinoflagellate organisation 
(fig. 235 D); in one species they are naked, whilst in another t ey are 
provided with a delicate membrane. In C. lunarem9) (fig- 2 35 f'> 
however, swarmer-formation is altogether suppressed an u f 
and eye-spot never appear at any stage of the process o iv • 

The two new individuals are simply liberated as auto pores 

ruptured parent-membrane (fig. 235 F). In 

phaseolusU2 o>), with very variable chromatophores, 1 ? pro ducing 

the formation of two types of swarmers, the larger dir y p 
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^winners D imr^° P r St ^ B- incipient div-ston; C, formation of rwo 
di'T 3 ion-so«e’ G H T ' C ‘ Pascher ; E * optical section; F. 

showing fuiroi*-‘ KMxeorme ’ Weca; , G> individual with protoplast 

Pascher- I onnAl *" ct 5 ' ; I-K. TeCruiHnz^m minus 

' ^swarmer-formation; K. svrarmer. L-N. 

C-iughter- .-i»lu r eta. - I, incipient division; N. Armatioa of two 

». sulcus. (F F *' e T^~Vw ° tturru ' v • Smile ; n, nucleus; 

^ t. I-K after Pascher; G. H after Stein; the rest after Webs.) 
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new individuals, while the smaller are suspected of being gametes, 
although fusion has not been observed. 

Those forms of Cystodinium that reproduce by zoospores are 
manifestly not very far removed from species of the genus Gymno- 
dinium , where the resting cysts represent comparable stages, except 
that the relative importance of the motile and sedentary phases in 
their life-cycle is reversed. To the zoologist this may appear to be 
a difference of little significance (cf. <ks> and (io2>), but to the botanist 
familiar with the gradual suppression of motility in other classes of 
the Protophyta a reference of such forms to the Dinoflagellata would 
obscure the obvious parallelism. Moreover, a form like Cystodinium 
lunarc , which has apparently altogether given up the motile phase, 
could scarcely be ranked among Dinoflagellata. 

In Tetradiniumte-7.7z.iut), a parallel to Tetraedron among the Green 
Algae but possessing the Dinophycean cell-structure above described 
for Cystodinium (fig. 235 I), reproduction by zoospores appears to be 
the rule. In this case, however, neither eye-spots nor furrows can be 
detected in the contracted protoplast prior to division, although both 
are evident in the pair of gymnodinioid swarmers that are liberated 
from the ruptured membrane of the parent (fig. 235 J, Iv). Dinas- 
tridiumi 119), with flattened polygonal cells with the angles produced 
into spines, is so similar that the grounds for a generic separation are 
not very strong. 1 

A further step in the elimination of the motile phase is seen in 
Hypnodinium (73), with large spherical Eremosphaera-Uke cells (fig. 
235 L), whose protoplast often displays a conspicuous eye-spot ( e ). 
As Klebs showed, division is preceded by a contraction of the proto¬ 
plast accompanied by furrow-formation (fig. 235 M), the cell-contents 
at this stage presenting a marked similarity to a Gymnodimum devoid 
of flagella. In this condition the protoplast divides into two (fig. 
235 N), but although the products also possess furrows no motile 
phase ensues. Gradually, as the new individuals round off, the 
furrows disappear, although the eye-spot may persist for some time, 
the daughter-individuals acquire new membranes and are sooner or 
later liberated by rupture of that of the parent. Pascher ((119) p. 34 ) 
mentions forms devoid of a stigma and showing furrows only for a 
brief period. The same authority ((ns) p. 15 2 * (1,9) P- 34 > < ,ao > P- 2 5 I ) 
has repeatedly referred to the formation in this genus o sma . , 
gymnodinioid swarmers, 2 which are stated to be gametes. e 
resulting zvgote is thin-walled and slowly grows until it reac les 
size of the ordinary vegetative cell, after which the contents 1V 
to form four swarmers. No further details are at present a\ai 


1 Pascher ((.19) p. 32) suggests that the colourless mann 
if it be actually an independent form, may belong to th's aflm y. 

* Similar swSrmers are stated to occur also in other Dmokontae. 
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but the published tacts indicate a course of events that contrasts 
sharply with the ordinary reproduction of Ilypnodinium. 

Another genus, Phyt0diniunm3.il g) (fig. 236 A. B), resembles 
Cystodmtum lunare in the absence of swarmers or of any indication of 
furrow-formation. The epiphytic StyjodiniuHil73.no) (fig. 236 C, D) 
constitutes a parallel to Characium among the Chlorococeales and is 
believed to reproduce by motile stages. 


Both Klebs(7j> and Paschcroig) include among the Dinocoecales 
the genera Pyrocystis (P. Xoctiluca Murray) and Dissodinium .» In the 
latter ((3), <*g> p. 4 ) t a marine plankton organism, the normal vegetative 
condition is represented by a large vesicular cell with a thin membrane 
and a huge vacuole traversed by delicate protoplasmic strands 
(hg. 236 L). I he large nucleus (//) lies towards one side of the cell 
m a special aggregation of cytoplasm which also contains numerous 
parietal discoid chromatophores (r). Within these individuals there 
are termed sooner or later by successive division (fig. 236 F, G) as 
many as juxteen lunate cells resembling the sedentary stage of a 
Cystodmmm (fig. 236 J). These structures, after being set free, 
eve op further, as in Cystodinium , with the production and liberation 

wh?ch U thl b ! r K 4 " 8) . 0f 8 ymnodinioid swarmers (fig. 236 K-M) from 
out u spherical cells presumably again arise. As Pascher points 

ere peculiar condition that the organism reproduces 

fnrrr» J 3 k , ° f aUlV ° s P°rc-deveIopment followed by swarmer- 
formation on the part of the products. 

subtron?rT <7,,,,) a an abundant plankton form in most tropical and 
phosnhoreL °- thcd,vcrsc organisms responsible for 

large spherieaTrtll lf ] div ' dua * throughout life appears as a 

yellow brown r ° a P a * e yellow colour due t° the numerous small 

r0rnat °^ h0r - (fig - 2 3 6 H >- At the time of multiplica- 

numbero P f nl P aS . CO, , lt T tS / reatly (6g ' 2 * ( ' l) and divides into a 
thus cLelv f ll' V m Ua ' S (hE ' 23,1 Nt> - ,n i,s Ofc-cycle this genus 

bU ' ' hC genCra ' reSembbnCC 10 


Order III. DI NO TRIG HA L ES 

^nown th Oneo e f n r t h° n,y n ° rtla,nenlous members of Dinophvceae are 
marine aquaria 1,?°' {? l " 0,, ' nx <"«'* has so far only been found in 
number (2-10) of birr . ltt, ®" branchc d threads composed of a limited 
are provided with ^ ^J' S . hapcd or roun ded cells of large size ; they 
1 This ^ H at ' fied me mbranes, of which the innermost layer 

Os*), (i S 3) p. 1 <la,er lunula) of Schutt 

((73) p. 390), the name bcm lt ,he *> P C ot the Renus Dtf>lod,mu>n by Kicks 
•w me name being later changed to Disscxlinium. 




Fig. 236. Dinococcales. A, B, Phytodinium simplex Klebs; B, 

C, D. Stylodimum globosum Klebs; C. liberal on of protop ast from 
parent-membrane. E-G, J-M, Dissodimum liinula ( c f f daughter- 
ordinary cell ; F, commencement of division; G, formation latter; 

cells; J,' one of the lunate cells produced by further div.s.on^the^l:at^. 
K, L, successive stages in formation of swarmers, , cc jj. the 

swarmers. H, I, N, Pyrocystis Noctiluca Murray; H ’ ve ® daughter-cells, 
same with contracted protoplast; N, formation of a “ Klebs; 

r, chromatophore; nucleus; r, svvarmer; v, vacu^eJA ” 

H, I, N after Murray; the rest after Dogiel from Oltmanns.j 




FILAMENTOUS FORMS 


at least consists of cellulose (fig. 237 A). The structure of the cells is 
altogether like that found in other algal Dinokontae (fig. 237 D), the 
large vacuole being traversed by numerous cytoplasmic strands which 
stretch from the local accumulation around the large excentric 
nucleus (//) to other parts of the parietal cytoplasm. In the latter the 
bulk of the discoid, yellow-brown chromatophores ( c) are located; 
fat-drops (o) and small starch-like granules are also present. Some 
of the cells show a conspicuous red eye-spot. 

In cell-division the protoplast contracts slightly and divides 
obliquely into two (fig. 237 G), the products ultimately coming to lie 
one in front of the other and each secreting a new membrane of its 
own. Protoplasts about to divide, as well as their division-products 
(fig- 2 37 H), commonly' show an eye-spot (s) and sometimes exhibit 
distinct transverse and longitudinal furrows (/), in which case a 
stigma is always recognisable. Normally these gymnodinioid stages 
remain immotile and, after becoming enveloped by a membrane, lose 
the furrows and constitute ordinary cells of the filament. At times, 
however, a protoplast, after acquiring furrows and stigma, escapes 
without division through a hole in the wall (fig. 237 l£) and acts as 
a zoospore (fig. 237 B, C). These swarmers are highly’ metabolic and 
very sensitive, perishing during observation so that it has been 
impossible to follow up their fate. Pascher, however, describes the 
finding of thin-walled cells with an eye-spot and others with a thicker 
stratified membrane, sometimes dividing, which he no doubt rightly 
regards as stages in the germination of the swarmers to form a new 
hlament. He also describes palmelloid stages in which the cells of 

the filaments gradually fall apart; zoospores mav likewise be produced 
from such stages. 

Dinothrix is clearly a little-specialised form. All the cells are alike, 
there is no differentiation of apex and base, and every cell appears 
capable of division. The fact that essential features of the motile 
equipment (furrows, eye-spot) may appear during division also 
indicates that this form is but little removed from a motile ancestry. 

n this connection it is of interest that the other member of Dino- 
ic lalesshows a much higher differentiation. DinocloniumUi i 9 ) p. 1 r) 
iscovered by Conrad, is an epiphyte (marine?) on other Algae and 

t P hrT? e f c a heterotr,chous filament with prostrate and projecting 
3 1 2 3 ? tbe latter unbranched and running out to a point. 

annJr^ ' S ? ff ? cted . b >’ gymnodinioid swarmers (fig. 2^7 F), 

aperture in ® rmed “"gly ,n the cells and escaping through a lateral 

t VDe 0 f n] n h K e 'y a ( fig - 2 37 T * The occurrence of this advanced 

we ire P * d , y among Dinokontae is significant and suggests that 

filamnnivf yC i. y at the commencement of our knowledge of the 

mentous Ph Dm °P hyceae - Possibly some of the little-known fila¬ 
mentous Phaeophyceae may prove to belong here. 
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iR. * 37 . Dinotrichales. A.E G. H. 

aschcr); A, seven-celled branched thread, B, C, t\\o thread 

varmer, showing metaboly; D, cell in optical section, . ■ .. ce n_ 

on, which all but one of the protoplasts hare ‘^P‘Dictum Conrad, 
ivision ; H, the same with furrow-formation, etc. F, , r k r omatophore; 
aschcr (after Conrad from Pascher); F, swarmer. c, 
furrow; //, nucleus; o t oil; s t stigma; z , escaping s\sar 
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The Interrelationships, Affinities, and Classification of 

THE DlNOPHYCEAE 

It is a significant fact that in practically all the algal members of the 
Dinokontae reproducing by swarmers, these are of the Gymnodinium- 
type. This speaks strongly in favour of the view expressed on p. 688 
of the primitiveness of the Gymnodiniaceae. Forms such as these 
must be regarded as the starting-points, not only for the numerous 
special developments seen among Dinoflagellata, but also for the line 
of algal evolution represented by Dinococcales and Dinotrichales. 
The difficulties in the way of directly relating them to the simpler 
members of the Desmokontae have already been fully discussed 
(p. 691); at present the gap between Desmokontae and Dinokontae 
which are clearly related, remains unbridged. 

As already mentioned at the outset of the consideration of the 
Dinophyceae, Pascher ( ( ., 5 ), o. 9 ) p. 51) holds that Cryptophyceae, 
Uesmokontae, and Dinokontae represent three divergent evolutionary 
lines from a common stock and groups them in *he division Pyrro- 
pnyta.'equal in rank with the Chlorophyta and Chrysophyta (cf. 
P 42). He regards the Desmomonadaceae as the most primitive 
known forms of this division and suggests that the Cryptomonadales 
are derived from them by special development of the dorsiventrality 

fu L rroW '. SyStem which ,atter « regarded as being for- 
ladowed in the apical incision of Piero,no,,as and Haplodinitim. It 

£an J TZ'f ^ WC d ° not 38 y et understand the signi¬ 
ng T S thC P rot °P lasts o( Cryptomonads; they may 

of no "? damental and P erha P s stress is being placed on a character 
resembr a nVp m K P ? rtanCe « E ? I i w,thout this > however, there is sufficient 
the aTsJmnL r en Ha P lodt ”' um a "d the Cryptomonads to warrant 
of Ho" : ° ns,de ) rable degree of relationship. The similarity 

\ relarion^ ass,m,lator y Products is perhaps also significant, 
been ^ D,no «^gellata and Cryptomonadales has 

profitable to com ^ diverse authorities (73.10a). In particular it is 

wi/ur iT 36 (P ' .^ 57 ) among the latter. Such a form as 
may well be He ^'' S C °. n * ld * rab,e resemblances to Protochrysis. We 
typL, bufto! ml" 8 "fV lar S e P Iexus of more or less closely related 
to be able to H tb . C s, Su ,ficant genera are imperfectly known 

probably best 17 ^ 0 ^ ****• F ° r the P resent if is 

until a greater bulk^ C . 7 ptophyceae L and Dinophyceae separately 
coming 8 b k f evide nce as to their near relationship is forth'- 

<'J h canno^ hiP 1° Dia '° mS ' which has in th ' P«t been assumed 

Its main fouidafr l' SUp P 0 / ted in the “S 1 " ° f modern knowledge, 
mam toundat.on lay m the bivalved character of the wall in the 
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Desmokontae, but this has really nothing in common with the 
complex envelope of Diatoms. 

The following is a synopsis of the classification of the Dinophyccae, 
essentially based on Lindemann(io2), Pascher(uo>, and Schiller(i45): 

A. Desmokontae: 

(a) Dcsmomonadalcs: 

1. Desmomonadaceae: Desmocapsa, Desmomastix, Haplo- 
dinium, Pleromonas. 

(/>) Thecatales: 

2. Prorocentraccae: Exuviaella, Prorocentrum. 

(V) Dinophysiales: 

3. Dinophysiaceae: Dinophysis, Ornithocercus, Palaeophala- 
croma, Phalacroma, Thecadinium. 

4. Amphisoleniaceae: Amphisolenia. 

B. Dinokontae: 


I. Dinoflaf’cllata: 
(i) Peridinieae: 


(a) Gym nodi nioideac: 

5. Pronoctilucaceae: Entomosigma, Oxyrrhis, Pronoctiluca. 

6. Gymnodiniaceae: Amphidinium, Cochlodinium, Gymno- 
dinium, Gyrodinium. 

7. Polykrikaceae: Polykrikos. 

8. NoctUucaceae: Leptodiscus, Noctiluca. 

(). U'arnou'iaceae: Erythropsis, Nematodinium, Proter>- 

thropsis, Warnowia. . 

10. Blastodiniaceae: Apodinium, Blastodinium, Oodimum, 

Paradinium, Paulsenella, Schizodinium. 

( b) Amphilothaloideae: Amphilothus. 

(r) KoUen-itzielloideae: Kolku itziella. 

(d) Peridinioideai: _ . 

13. GUnodiniaceae: Bernardinium, Glenodmium, hem - 


dinium. 


14 - 

15. 

16. 


Protoceratiaccae: Protoceratium. 

Gonvaulaceae: Gonyaulax, etc. 

/ \-ridiniaceae: Acanthodinium, Diplopsal.s, Heterocapsa 


Peridinium. 

17. Ceratiaceae: Ceratium. 

18. Goniodomaceae: Goniodoma. 

1 q. Ccratocoryaceae: Ceratocorys. 
20. Podolampaceae: Podolampas. 


(ii) Dinocapsincae: . 

21. Dinocapsaceae: Gloeodinium. 

(iii) Rhizodinituac: Dinamoebidium. 
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II . Dinococcales: 

23. Dinococcaceae: Cystodinium, Dinastridium, Dissodinium, 
Hypnodinium, Phytodinium, Pyrocystis, Stylodinium, Tctradinium. 

III. Dinotrichales: 

2.J. Dinotrichaceae: Dinothrix. 

25. Dmocloniaceae: Dinoclonium. 
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Class VII. CHLOROMONADINEAE 


As far as our present knowledge goes, this is but a very small class 
comprising a few highly specialised, unicellular, flagellate types of 
relatively large dimensions, none of which has yet been adequately 
studied (7). They tend to be mud-forms or frequent waters with abundant 
larger aquatics, but rarely occur in quantity. Unlike the Chryso- 
monadales or Cryptomonadales no simply organised motile forms are 
known, nor have any palmelloid or coccoid representatives so far come 
to light. 

Vacuolaria virescensU ,3.s) (Coelomonas grandis Stein do)) is the form 
most frequently encountered and may be taken as a typical example. 
The naked ovoid or pear-shaped cells are slightly dorsiventral, with a 
rounded posterior and a narrower anterior extremity (fig. 238 A). The 
periplast is delicate and the cells are highly metabolic. They possess 
two equal, apically inserted flagella arising from a slight depression; 
one flagellum is directed forwards, while the other trails behind along 
the ventral surface which often exhibits a distinct groove. The move¬ 
ments are slow and are accompanied by continuous rotation. There 
is no eye-spot. The numerous discoid chromatophores, found in all 
pigmented Chloromonadineae, have a bright green tint of a different 
shade to that of the Xanthophyceae, but here as there due to an excess 
of xanthophyll, so that a blue-green colour is obtained with hydrochloric 
acid. Food-reserves are stored as fat. 

The large nucleus (fig. 238 A, n ) lies above the middle of the body. 
Contractile vacuoles are found at the anterior end and seem to arise as 
a number of small vesicles (fig. 238 B, C, v) which gradually unite to 
form one or two larger ones, the latter probably discharging their 
contents direct to the exterior. Reproduction is effected by longitudinal 
division of individuals which have come to rest and have become 

enveloped in copious mucilage. Spherical cysts with a thick envelope 
of mucilage are also known. 


Trentonia (8,11,12) is less markedly metabolic and has an obliquely 
truncated anterior and a pointed posterior end (fig. 238 D). At the 
apex of the cell is a large non-contractile reservoir (r), triangular in 
shape in optical section and communicating with the exterior by a 
narrow canal; adjacent to it, and probably discharging into it is a sinule 
!“ le VaCU °i e (v) - Gonyostomum ((4), (g); Raphidomonas Stein («o» 

tZklVTi gTtH ’ u* T x rent ° ma ' has flattened dorsiventral 
cells (tig. 238 E-G). The peripheral cytoplasm here, however contains 
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bristles (fig. 238 K, b ). In this case the backwardly directed flagellum 
is twice as long as the other, being as usual located in a ventral furrow 
(fu). The two contractile vacuoles ( v ) at the front end discharge 
alternately into the apical vesicle (r). The cells are markedly flattened 
and the ventral surface is protruded into a number of radiating rhizo- 



Fig. 238. Chloromonadineae. A-C, Vacuolaria virescens Cienk. (after'Senn); 
B, C, enlarged anterior extremity to show vacuolar system. , 
flagellata Stokes (after Stokes). E-G, Gonyostomum semen Dim. 

Stein; F, G after Malins Smith); F, the vacuolar system. , , 
sagittifera Conr. (after Conrad); H from the side and I . with 

surface. J, K, Thaumatomastix w/i/era Lauterb. < [oo d- 

rhizopodia. b, bristles of periplast; c, chroma tophore,/, flagellum >J < 
bodies;/«, furrow; «, nucleus; o, oU-drops; p, pseudopod.a, r, reservo 

t, trichocysts; v, contractile vacuoles. 
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podia (fig. 238 J, p) which are branched and very mobile and probably 
play a rdle in holozoic nutrition. 

Conrad’s Reckertiai. 2) has markedly flattened cells (fig. 238 H, I) with 
a furrow ( fu) confined to the anterior part of the ventral surface. The 
peripheral cytoplasm, as in Gonyostomum, contains numerous tricho- 
cysts, but the ready protrusion of pseudopodia ( p ) recalls Thaumato- 
rnastix. There are two contractile vacuoles (v) at the anterior end which 
discharge into a single vesicle (r). 

Nothing is known of the reproduction of any member of the class 
except Vacuolaria. Owing to the pigmentation of the chromatophores 
and the presence of oil an affinity with the Xanthophyceae has been 
assumed, but there is no other evidence pointing in that direction and 
it would be very difficult to attach the Chloromonadineae to the Hetero- 
chlondales. In a few respects there are resemblances to the Euglenineae, 
viz. in the character of the chloroplasts and in the vacuolar apparatus, 
but the absence of paramylon and other features render any close 
affinity improbable. The presence of a ventral furrow harbouring part 
of the backwardly directed flagellum recalls the classes just discussed. 
At present the Chloromonadineae are best regarded as an isolated class 
ot uncertain relationships. 
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Class VIII. EUGLENINEAE 


The Euglenineae are another class of highly differentiated, naked 
Flagellates whose origin is obscure. The members show a more 
definite trend in the direction of animal organisation than is found in 
most of the classes of pigmented Protophyta. In fact, in many 
representatives of the colourless Peranemaceae, holozoic nutrition is 
the rule and the individuals are specially equipped for this purpose. 
It is possible that the future may show the existence of algal deriva¬ 
tives, but the bulk of the Euglenineae are so specialised that this 
appears little likely. Schiller (91) has, however, described some rela¬ 
tively unspecialised forms from the Adriatic (cf. p. 732) and expresses 
the opinion that the sea will afford further examples of such simple 
types. 

There is no doubt, however, that the chief home of the Euglenineae 
is in freshwaters where they often play a considerable role, especially 
in waters rich in organic nutriment or which harbour abundant plant- 
growth. Not uncommonly they occur in such numbers as to give a 
characteristic coloration to the water, green for example in the case 
of Euglena viridis Ehrenb., red in the case of E. sanguinea Ehrcnb., 
or brown as in that of species of Trachelomonas((n.~&-So<tos). A number 
of species of Euglena inhabit damp mud, and E. limosa plays an im¬ 
portant part on the banks of estuaries or on salt-marshes ((9), ( |0 >» 
(15) p. 201, (40), often colouring the mud over wide stretches and 
showing a periodicity in its appearance at the surface related to the 
tides. 


The General Characteristics of the Euglenineae 1 

In the ordinary state the individuals are usually motile with the help 
of one (fig. 239 B, D, G, N) or two (. Eutreptia , fig. 239 F; Heteronema 
fig. 242 A; Entosiphon , fig. 242 I) rather thick flagella, which are of 

very diverse length and inserted apically. 

The accounts of their structure are somewhat f°" trad . ic ;^^ e 5 
seems that they are composed of an elastic axial threaf ^ 

excentric) surrounded by a contractile envelope o a ve . 

from which the end of the axial thread may project), 
unilateral lashes (cilia) described by Fischerdv) on he flagelliun of 

Euglena viridis are found also in Phacus 

to be general in the Euglenineae (73). According another, 

flagellum of Euglena consists of four fibrils misted about one anot 

1 See (18-20), (27), (63), (64). (o 6 )- 
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while he considers Fischer’s cilia to be artefacts (see also p. 32). The 
flagella, owing to their thickness, are easily seen in the living organism, 
but are frequently cast off at death and are therefore commonly lacking 
in preserved material. 

The single flagellum, as well as the two found in Eutreptia, are 
directed forwards (fig. 239), but in most forms possessing two flagella 
the second, which may be longer or shorter, trails behind during 
movement (fig. 242 A, I). In Gymnastica ((91) p. 96) the second 
flagellum is very short (fig. 239 E). While many Euglenineae swim 
freely, others chiefly exhibit a creeping movement in contact with 
some substratum (e.g. Peranemaceae; some Euglenas , such as E. deses). 

The shape of the individuals is very diverse. They are often 
approximately round in cross-section {Euglena, Lepocinclis, fig. 239 N), 
though very prominently flattened in Phacus (fig. 239 I, J). The 
periplast is relatively soft in many species of Euglena , as well as in 
Trachelomonas, and in such cases the individuals during life show 
ver 7 parked metaboly, especially at times when active movement 
with the help of the flagellum is not taking place. Many Euglenineae 
(Lepocinclis, fig. 239 M, N; Phacus ; many Euglenas ), on the other 
hand, have a rigid periplast that does not admit of change of shape. 
In these it frequently exhibits a characteristic longitudinal or spiral 
striation (cf. (67) and fig. 239 H-J), while in Phacus , according to 
etlandreub), there are often fine transverse striations between the 
longitudinal ones; in P. costatatu) the periplast is stated to be 
etached from the rest of the protoplast opposite the spiral ribs. In 
certain Euglenas the rigid periplast bears rows of small warts ( E. Spiro - 
gyr-a, ng. 239 C) through which according to Klebs(6 3 ) and Mainx 
(to; cf also («>) secretion of mucilage, which may even surround 
the motile individual, takes place. The posterior end of the cell is 
commonly drawn out into a more or less sharply demarcated point 

?‘? e ( 8- 2 39 C, H J, N). Jirovec(s7), by means of the silver 
precipitation method, has demonstrated the presence of a system of 

somewh at spirally arranged fibrils in the periplast, similar to that 
— p *>■ The 

,he A hIS7 m r ber , 0f ' he E “S lenineae lack chromatophores, but in 

chlorollL/ ^' here are m ° Stl >' several or «en numerous 

usuanveUK a'' 3 Pure green colour ' shape they are 

,h“hands he^ g ' i. 3 '' B ' '° bed (fi S' 2 +° A >' or b and-like, 

4 G? or more “T/" ar r nged !" ° ne ^ ,ena %• 

J 1 J oblonga) characteristic stellate groups(w) In 

me species of Trachelomonas , as well as in Cryptorlena (fig -41 E) 

tte p e ig™hT e< ; K Plate -, Shaped exact .ature of 

Becking!) 5 h^ k n ° hCen determ,ned and - while according to Baas- 
eckingu) the absorption-spectrum of Euglena is not unlike that of 
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higher green plants, Gunther^) states that the chlorophyll is 
spectroscopically different. In a few species (Euglena sanguined, etc.) 
the cells are coloured red by haematochrome. 

The products of assimilation appear as solid, often large granules 
of paramyIon 1 of very diverse shape (discs; rods, fig. 239 A, B, H; 
rings, fig. 239 J, M; grains shaped like a cottage-loaf, fig. 239 K, etc.)] 
The shape is generally constant for the species, but in some cases 
small ring-shaped grains become solid as they enlarge (<« 7 ) p. 213). 
Paramylon is a polysaccharide which fails to stain with iodine or 
chlor-zinc-iodide, is insoluble in boiling water, but dissolves both in 
concentrated sulphuric acid and in potash; formalin often brings 
about a gradual solution. When the grains are subjected to dilute 
(6 per cent.) potash they swell and then often exhibit a concentric 
stratification (sometimes visible without special treatment) like that 
of starch-grains (fig. 240 C, D), which they also resemble in being 
doubly refractive. The central portion of the grains appears to be 
less dense than the peripheral. 

The paramylon-grains always originate in the cytoplasm (cf. how¬ 
ever (30)) but in many species of Euglena they develop in apposition 
to the chloroplasts, although in other cases (e.g. Phacus , Lepocinclis) 
there is apparently no such relation. Where the grains are large and 
show a definite shape and orientation (as in fig. 239 C, J, M) it must 
De assumed that they originate around special cytoplasmic centres 
'shich are sometimes distinguishable ( E . deses, viridis) and have been 

^ouht^T™^ Pyrenoids < cf - (,7) P- 2 ". ( 73 ))- Whilst the grains 
undoubtedly increase in size or number during active photosynthesis 

Crains^? 6 n Urmg , s ; arvation < the ^ge characteristically' shaped 

cases appear to possessa ra,hcr 

SP n Ci f ° f EMgh S a 3nd Tr “' h 'lo»'o»as the chloroplasts 
Dorti™, SO : cal,ed Pyrenotd which consists of two hemispherical 

2I0 A m Pr q eC K ng pr °^ inentl y from ei ^er surface (figs. 239 D; 
s?defF oL C t,Tt n ° ,dS arC Cither naked ° r P rov 'ded on the outer 
havinfibeT C f bS) ’ ° r ? n b ° th Sides * " ith a shcath of Paramylon 
S ' tt ape a r atC gl r (cf - fig - 240 A * B - «>• According to 
in the mill! paran ;>' on ma y bec °me detached and lie as free grains 
cytoplasm, while a new sheath is deposited on the pyrenoid. 

1 See (14). (17) p. 210, (i 9 >, ( 6 S), ( 92 ). 


m’, N, Lep^SZlis Ehre^b^ iC I h 1 L ‘ ° bl,que view sho "ing the keel. 

Plasts;/, flagellum• n n.Ll b ‘ Lemm ; paramylon-grains; r, chloro- 

tractile Ucuole (A .?ter r - ? Servoir = *• «*•»«: r. con- 

E after SchHler- H D after Dangeard; 

Rich; N after * L Fri “ ch * 



Fig. 240. General organisation of the Euglenaceae. A, D, O, Eug ena ve 
Klebs; D, paramylon-grains, the lower in profile; O, part of sur acein^sec 
showing relation between mucilage-threads and the periphera 1 ^ 1 - 

the protoplast. B, E. granulate (Klebs) Lemm., two chromatophores . 
optical section with pyrenoids ( p ) and paramylon-sheath (a). 
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In E. mucifera Mainx (7a) the pyrenoids are borne on special short 
processes on the inner surface of the chloroplast (fig. 240 I, p). It 
does not appear that the pyrenoids of Euglenineae possess the fluid 
consistency of those of Chlorophyceae, since in fixed material they 
do not show the clear surrounding area seen in the latter (cf. (17) 
p. 212). Many Euglenineae also store fat-globules as a food-reserve. 

The vacuolar system is usually complex. The periplast is invaginated 
at the anterior end to form a short narrow canal (102) leading down to 
and communicating with a large and prominent vacuolar reservoir 
(fig. 240 E-G, J, r). In certain cases the canal, just above the point 
where it passes into the reservoir, shows a ring-shaped thickening 
(fig. 24O J, t) (cf. (46), (53), ( 55 ) p. 19) which has been interpreted as a 
sphincter serving to close and open the canal. It is probable that the 
periplast does not always line the whole of the latter. Sigot (97) records 
the presence of numerous bodies staining with osmic acid around the 
canal in Euglena gracilis. Near the reservoir are one (e.g. Phacus 
pleuronectes Euglena Ehrenbergii, fig. 240 E) or more (E. deses) large 
vacuoles (t>) which sooner or later fuse with the reservoir, after which 
me latter gradually contracts to its original dimensions, no doubt 
lscharging into the canal ( ca ). During the gradual enlargement of 
e contractile vacuole a rosette-like group of minute accessory 
vacuoles (cf. fig. 240 E) appears around its periphery and, as the 
tormer fuses with the reservoir, the members of the rosette unite to 
orm a new vacuole. A much simpler vacuolar system has been 
escri ed by Schiller(9i) for certain marine forms (p. 732). In many 
8 emneae there is situated adjacent to the reservoir a prominent 

»K^rf P k >t(S L ,,< ** ) 2 4° E, J, s) about whose morphological nature 

has been much discussion (see < 4 s>, (49), (74) and p. 730). 

nnrm?ii . * em ? rge from the canal (fig- 240 A, P) and appear 

2ao C\ y r 0 ® xten< * ^ack to l he posterior end of the reservoir (fig. 
40 In diverse Euglenineae ( Euglena , Astasia) the single flagellum 


anterior ’ C, J paramylon-grains, the upper in profile; E-G, 

H, E lannaW ef d ? vacuolar apparatus and associated structures. 

PyrenoiSTr ?' muci f era Mainx, rounded individual, stalked 

^ Pleuronectes (O. F. M.) Duj.. anterior end. K. 

successivf^wTfn K cb , S * St l mcd “dividual. L-N. E. viridis Ehrenb.. 
individual a ‘ T lear , d ' VI,s, ? n - P - Phacus caudata Hubner, stained 
centrosome: e b ^ Sal granu, ?. : ‘-.chloroplast; ca. canal; ce. 
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has been shown to fork on entering the reservoir (fig. 240 G, H), 1 the 
two forks terminating in one (53) or two basal granules. It’appears, 
however, that such forking does not normally occur in Phacus 
(fig. 240 P), Trachelomonas , or Menoidium (on, (73) p. 312, (84); 
cf. however ( 5 o)). In some species (E. sanguined (47)) the forks are 
prolonged into the body of the cell and terminate in a common 
granule, probably a centrosome, posterior to the nucleus (fig. 240 
H, ce), whilst in other casesfs.«« .87) a rhizoplast extends from the 
basal granule or from one of them up to the nuclear membrane where 
it ends in a similar granule (fig. 240 P). An extension of the base of 
the flagellum beyond the floor of the reservoir has, however, by no 
means been universally recorded (cf. e.g. (6 9 >). In Eutreptiaw) the 
two flagella are united by a horseshoe-shaped mass of denser cyto¬ 
plasm at the base of the reservoir. The fact that the single flagellum 
is commonly double in its basal part perhaps indicates that the 
biflagellate condition is primitive in the Euglenineae. 

Various workers have reported a thickening of the flagellum or of 
one of its branches in the neighbourhood of the stigma (fig. 240 G, J, pe) 
and, according to Haye ((55) p. 21), this is a separate cylindrical mass 
which he regards as a photoperceptor. Mast ((75) p. 215) concludes 
that the latter represents part of the stigma which has divided into two, 
the main portion containing only shading pigments, while the photo¬ 
perceptor includes the light-sensitive part (cf. also (4a) p. 455 . <? 3 >). 

The nucleus is usually large and prominent and exhibits a central 
caryosome (fig. 240 H, P, k) with a surrounding chromatin reticulum. 
The chromatin sometimes shows a radial arrangement (1.60), but this 
is possibly a condition marking the early prophase of division. In 
Heteronemaif><)) the caryosome is frequently fragmented. The process 
of nuclear division has been abundantly studied and is characterised 
by the absence of a spindle and by the persistence of the caryosome. 
The latter becomes drawn out in a direction perpendicular to the 
plane of division, assuming more or less of the form of an hour-glass 
(fig. 240 L-N), while the chromosomes become aggregated about its 
middle and ultimately separate into two groups about its two hakes 
(figs. 240 N; 243 J) (see (o, (19), ((*», don). 

Tschenzoffdoi > concluded that in E. vindis the chromosomes under 
went splitting during the anaphase or telophase of the previous ivision, 
retaining their individuality during the resting phase, but ecomin 
grouped in pairs at the next metaphase and then separating. * ^cor '. 
to Drezepolski<3i) the chromosomes show various stages ot ° ,tt * ren " ‘ 
tion among the species of Euglena. SchUssler(94) states t at t e c 
somes are formed from the caryosome in Scytomonas, o 
present there is no confirmation. 

• See <12), f50-53), f 73 ), <««>• 



NUCLEAR DIVISION 


731 

The recent study by Baker(s) of nuclear division in E. gracilis 
( = E. agilis Carter) appears to afford considerable evidence of the 
existenceof an intranuclear centrosome lodged in the caryosome; from 
this centrosome the basal granules of the flagella are derived (cf. 
p. 730). At the commencement of nuclear division according to Baker 
the centrosome emerges from the caryosome (fig. 243 H, I, ce) and 
takes up a position adjacent to the nuclear membrane where it divides 
(cf. also (7)). During the division of the nucleus, which at this stage 
lies near the reservoir (fig. 243 I, J), the two halves of the centrosome 
(ce) separate. Each cuts off a granule that passes to the wall of the 
reservoir and constitutes the basal granule of the flagellum. This 
remains connected with the centrosome by a rhi/.oplast (fig. 243 J, rh ). 
Each basal granule divides and from the two granules the two flagellar 
roots originate; one of these remains short and fuses with the other, 
so that the above-described forking is seen only in the lower part of 
the flagellum. The flagellum of the parent-individual with its two 
basal granules is absorbed into the protoplast. Later the rhizoplast 
isappears, but according to Baker the centrosome remains recog¬ 
nisable as a small granule in the cytoplasm up to the time of the next 
nuclear division. 


Much the same is described for other species of Euglenai 47.58.S8), 

irachelomouasUo^, MenoidiumU 8), ScytomonasW, and PeranemtHs*), 

oug m most cases only extranuclear centrosomes are recorded. 

an° us workers have expressed doubts as to the reliability of the 

umished by Baker for the intranuclear origin of the centro- 

frtrrT\ If j (5l> ’ seems that > n a ll the cases just mentioned flagella are 

SIk""! °" the daughter-individuals from basal granules that 

and !/ f y thC d,V,S,0n of cen trosomcs, although in Entosiphom* s) 

dalhV T Wa , (6<,, 1 tHe tW ° fla 8 e, la are stated to be retained by one 

the fwo fl md .‘. V,d r a u Wh , ,,e their basal granules divide and give rise to 

and Srhiic*? a ot the other individual. In Scytomonas, too, DobellUo) 

flagella ro f Cf<94 u affirm a . division of the basal granules of the old 

conformity °J ncw ones * while Berliner’s account(8) is in 

have failed T'fi \ hat ° f Bakcr and others. Various recent investigators 
ve tailed to find centrosomes (43. 6 S ). 


The Holophytic Forms (Euglenaceae) 

Euglent^ >tiC form ^. are generally grouped in the single family 
Eufreptia ffig a ^ on | uh,cb Ma,nx (‘73) p. 350) regards the biflagellate 
(fie 27o F\ fu 39 ft the most P r,rn,t ' ve member. In Gxmnastica 
length 3 The un r fl are , 1 I,kcw,se two ‘lagella, but of markedly different 

Euflena (fig 210 l“h S "" plest forn f ' is illustra,e d by 

considerable■ r ’• G ’ although many of its species show 

p cialisation and lead over to the closely allied Lepo- 
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cinclis (38.64, 108) (fig. 239 M, N). A number of species of Euglena seem 
always to lack the flagellum (34) and exhibit only amoeboid movements. 
Elenkin(3 S ) suggests that they illustrate a similar amoeboid tendency 
to that noted in other classes (cf. especially Chrysophyceae). Pascher 
(80 a) has described an amoeboid form provided with a stigma and 
inhabited by Zoochlorellae which he suspects of being a colourless 
euglenoid type. 

The markedly flattened individuals of Phacus ((u), (39) p. 73) 
(fig. 239 I—*L) have a rigid periplast which is often longitudinally or 
spirally striated, the striations sometimes bearing spines or warts. 
One surface is commonly slightly convex, the other slightly concave, 
and the cells are occasionally twisted and of complex shape. In a 
number of species the periplast is provided with a fold (keel) running 
more 6r less longitudinally over part or over the whole of the convex 
dorsal surface (fig. 239 L). 

Of the simple marine forms described by Schiller (91), Chlorachne 
has strongly metabolic, rather small cells possessed of a delicate 
periplast (fig. 241 A). There appears to be no anterior invagination, 
the long band-shaped flagellum arising directly from the anterior 
extremity, while beneath its point of insertion are two contractile 
vacuoles. Here there are numerous chloroplasts, but in the otherwise 
similar Ottonia (fig. 241 B) there are only two lateral ones; no data 
are available as to the vacuolar system of this form. It is to be hoped 
that a better knowledge of these simple types will soon be obtained, 
since they may well afford data as to the affinities of the whole class. 

In all the Euglenaceae hitherto mentioned the individuals are naked, 
but in the freshwater Trachelomonas (fig. 241 C, D, M), as well as in 

Ascoglena (fig. 241 I) and others, they are enclosed in a special envelope 

separated from the protoplast by a well-marked space and provided 
with an apical aperture for the emergence of the flagellum. In the 
biflagellate Amphitropis ) the envelope is winged and the flagellar 
aperture is provided with a collar. These are thus encapsuled types, 
parallel with Phacotaceae among Chlamydomonadineae and with 
Chrysococcus , etc. among Chrysomonadineae, and in Cryptoglena ((64) 
p. 355), where the close-fitting envelope is composed of two halves 
(fig. 241 E, F) apposed to the broader faces of the flattened cell, the 
analogy with Phacotus is specially marked. 


The individuals of Trachelomonas are free-swimming and the 
envelope is rigid, very diverse in form (fig. 241 C, D), and o ten P r °™ 
with variously disposed outgrowths. At first it is hyaline, but later s 
generally coloured yellow, brown, or dark brown by iron-sal^ and 
may completely obscure the contained protoplast. The flage a P 
is relatively narrow, the rim often being thickened or produced «• 
cylindrical collar (fig. 241 D). It would seem that: m so.™ 
least the shape and size of the envelope may be s j 
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desm °P!' ora Schill. B. Ottonia caudata Schill. 
Cryptoglena EhrrnU S *p °* u‘ a f um,nata (Schmarda) Stein. E. F, 
Klebsiella afiSJtta Pother’- ^ fr ° m - th * f ‘? nt J an J 1 F - fro ™ the side. G. H, 
section. I Aseaal™?^' •’ - G ', “l t,re individual; H, the same in optical 
Euglena te^olalnZ^T 0 Ste,n \ J * Colacium arbuscula Stein. K. 
breads (m) i M £ P oster,or end with pore (p) and mucilage- 

Hving individual V'Air' 0 "® inconstant Carter; L, envelope; M, a 
!***: m, muciW^tl^T? !,* envelope; *'• inner and o, outer parts of 
Schiller; CaftwIeim^P f’ n 'i deus; r > rescrv °ir; stigma. (A. B after 

GUnther; L M after r ~ aft f r Lcmmermann ; G, H after Pascher; K after 
» m alter Carter; the rest after Stein.) 
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tion(44) and the innumerable species at present established on the 
characters of the envelope alone are hardly likely to be warranted. 1 

Ascoglena is an epiphyte in which the individuals are attached by 
their posterior end^to the base of a cylindrical or urn-shaped roomy 
envelope which is of soft texture, yellow or brown in colour in older 
individuals, and provided with a wide flagellar aperture (fig. 241 I). 
Pascher’s Klebsiella(81), a marine free-swimming form, has a similar 
wide and soft envelope, from which the euglenoid individual may 
project somewhat (fig. 241 G, H). Both here and in Ascoglena the 
envelope consists of an inner hyaline layer (1) and an outer one (0) 
impregnated with iron-compounds. In Klebsiella the posterior end 
of the individual is attached to the base of the envelope by a number 
of delicate and elastic, gelatinous threads (fig. 241 H, m). The manner 
of attachment is similar to that described by Giintheruft) for a number 
of species of Euglena (e.g. E. terricola, fig. 241 K) which temporarily 
fix themselves to a substratum or to one another by their posterior 
extremities. The attaching threads in this case are secreted through 
definite pores (/>) situated around the posterior end of the individual, 
one being considerably larger than the others, and similar pores are 
likely to be present in Klebsiella. The mode of attachment of the 
individual to the envelope in Trachelomonas and Ascoglena remains 
to be investigated. Temporary formation of an envelope has also been 
recorded in Euglena chlamydophora by Mainx(73) where it arises in 
connection with encystment (p. 740). 

A rather different habit is seen in the colonial Colacium ((63) p. 321, 
(<*>>), usually found on freshwater plankton-organisms, especially 
Copepods. 2 The individuals are here devoid of flagella and are 
situated at the ends of simple or branched mucilage-stalks, generally 
forming small dendroid colonics (fig. 241 J). The cells are provided 
with a thin mucilage-er /elope and multiply by longitudinal division. 
A flagellum is only acquired in connection with reproduction. 


The Saprophytic Forms 


The Euglcnaceae, despite their chloroplasts, no doubt possess 
saprophytic tendencies and, as in the case of other hetcrotrop ic 
forms, the various species differ in their requirements with respect 
to organic food. Mainx ((73), cf. also (33)) finds that the forms in¬ 
vestigated by him can live a purely autotrophic life, both as regar s 


1 DeHandreOs) has placed a considerable number of the species in 
genus Strumbiimofuis distinguished chiefly by the absence o a e ™ a , 
collar around the base of the flagellum and by certain 1 erence 

structure of the envelope. . mv 

2 A species of this genus, epiphytic on Algae, has recen y 

notice. 
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carbon and nitrogen, but that all can also derive their nitrogen 
from amino-acids. Euglena gracilis (100), Phacus pleuronectes , and 
Colacium vesiculosum were found to be capable of satisfying their 
carbon-requirements from the same source (see also <71)), but this 
was not true of the other Euglenaceae examined. According to 
Lwoff and Dusi (32.70. 107) most species of Euglena ( E. pisciformis , 
deses, Klebsii), while in part requiring organic nitrogen, can only 
multiply in the light since they can obtain their carbon solely from 
the carbon dioxide of the air in the process of photosynthesis. On 
the other hand Euglena gracilis( too. 106), and perhaps other species 
as well, only thrive when carbon in an organic form is available, while 
Cunningham and Hearne(i6i found that E. tripteris multiplied more 
rapidly in the absence of carbon dioxide. 

Other indications of saprophytism are not lacking. Diverse green 
(and colourless) members of Euglenineae are known to occur in the 
alimentary tracts of frogs and tadpoles(2.6, 103) 1 and Hegner(s6> states 
that if frogs are strongly infected they are dwarfed. Various colourless 
Euglenaceae are known, e.g. Euglena quartana Moroff(77>, E. acus 
var. hyalina Klebs ((63) p. 311) and var. pallida Dangeard (23), Phacus 
pleuronectes var. hyalina ((63) p. 313), and Trachelomonas reticulata 

Klebs ((63) p. 322), the last but one sometimes occurring in enormous 
numbers in old impure cultures. 


Euglena gracilis, when grown in culture-solutions in the dark, loses 
its pigment, although retaining its plastids, and on exposure to light 
the latter again become green ((106); cf. also (93)). Reduction of chloro- 
P asts and loss of pigment, however, also occur when abundant nutri¬ 
ment is available or as the result of nitrogen-starvation(86). At times 
ot saprophytic nutrition the pyrenoids disappear and the paramylon 

*rr Ce *‘V h f c y to P lasm <*a). It has further been shown that in 

and , " d,v ' duals of E - gracilis can appear that lack plastids altogether 

^ " ef ° re P ermanen tly colourless. Ternetz(.oo) has suggested 

the eJaVv, d f Ue ° ne ° f the chlor °P ,asts of a given individual losing 

som Jf u a d,V,s,on * s ,°, * hat aflcr a ^rtain number of generations 

Aao,l„ ,„ T Ptm8 "T‘ d be colourl,:ss <<* Chrysophyceae, p. 54 ,). 
ng to Tannreuther(99) Euglena may exhibit holozoic nutrition. 

orilin 6 d f ‘ V t rse tend encies just discussed may indicate the mode of 
stagnant wa^ Sa ? r °P h y tic A«asiaceae* which are usually found in 
wafer AH It™ Z' Ch m decay,n S vegetable matter, as well as in polluted 
theahJn e known members are free-swimming and, except for 

ceae nar ^ °i chlo r°P ,asts * shovv much resemblance to the Euglena- 
, paramylon being again the reserve-food. Some possess a single 

^orphaXuttheliJe^ll ° f theSC f ° rmS to a d,stinct B^nus. Euglena- 
Plication (cf. (Jo)) Ha8e “ prcscnt are P^bably indicative of rap.d mult.- 

S * e (,3) ’ (3SO) - <S 9 >. ( 6 «>. (6,). (h4), (83). (98). 
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flagellum (Astasia, fig. 242 E; Menoidium, fig. 242 H), others have two 
unequal ones ( Distigma, fig. 242 B). An eye-spot is rarely present. 
In Astasia and Distigma the individuals show pronounced metaboly, 
while in Menoidium, in which the cell is more or less curved, sometimes 
even S-shaped, the periplast is firm and in most cases longitudinally 
striated. Diverse species of Astasia live in animal intestines (2.6). 


The Holozoic Forms 

The members of the third family, the Peranemaceae, 1 exhibit mainly 

holozoic nutrition and, in some genera, the protoplast includes a 

special rod-shaped organ or siphon which has been credited as acting 

as a kind of suction-pump, although in a considerable number such 

a structure is lacking. Species of Scytomonas (including Copromonas) 

are parasites in the intestinal tracts of various animals (8.29). The 

general structure is quite like that of other Euglenineae; there is a 

similar vacuolar apparatus, and paramylon and fat occur as food- 
reserves. 

. Peranemaceae » however, show dorsiventral organisation, 

the nagella arising from the ventral surface a little behind the front 
ena (tig. 242 A, G). The individuals most usually show gliding or 
creeping movements with the ventral surface adjacent to the sub- 
Dur, «g such progression the body may exhibit wave-like 

. wl «!« the sin gle flagellum, or the forwardly directed 
agellum of the biflagellate forms, remains rigid, only the apical part 

Th.T 5 m rr ntS and a PP earin g to function as a tactile organ(74a). 

1 7 ,nd »viduals can, however, also swim freely. 

th e ofh!f r n , y C ? SeS fla g ella are present, one directed forwards and 
(66 w? ”, 11 ”? behind during movement, and according to Lackey 
is is a so the case in Peranema 2 which has usually been described 

9 <S * > » (63) - (6 -»> P- 362, (82), ( Q 6). 

similar to Peranemu’ <5,> ’ <S4> ’ (66o) ‘ Schaeffcr ’ s Jenningsia{t 9 ) is very 


Stein. *B DUtivmn^^t anc L v Pera /* em . aceae- A - Heteronema acus (Ehrenb.) 
shows the H OU,U Ehr ® nt ». C, D. Heteronema acus; in C the nucleus 

E ’ Stasia ^ P ro P hase * D - ^tenor end enlarged, 

the ventral surP- Petalomonas mediocanellata Stein; F from 

individual in ontiral 1’ Sld *"\ ,cw : H . Menoidium incurvum (Fres.) Klebs, 
Stein. J-i Ur-,,/ on K>tudinal section. I, Entosiphon sulcatum (Duj.) 

K. Peripl„, Tn <S "' n ; - M " eschk • >■ 'nd.vidual; 

f>, basal granules- /• L ' s,phon and vacuolar system, a, paramylon; 
siphon; e endosA™’ ® ftromat,n; centrosome; co, connecting-piece of 

(gullet); k, caryosome C / ar>OSOn ? e>: u' fl ? gc,lum; ? b ' f °od-body; g, canal 
P. ribs of periolasr• ’ caryol > m Ph of nucleus; m, mouth; n, nucleus; 

vacuole. (C Daft.,'/’ reservoir; rh ' rh izoplast; s, siphon; r, contractile 

^ rest after UmmenSnn: E ~° aftCr K ' ebS: H af,Cr Hall; 1 after Lacke >' : 
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as uniflagellate. It is probable that the flagella in all cases arise from 
the wall of the reservoir, as in Euglena. In Peranema , whose cells are 
highly metabolic, there is a slight ventral groove anterior to the 
opening of the canal which is occupied by the anterior flagellum (si), 
while in Heteronema (bq) and Entosiphon 1 the aperture of the canal is 
often oblique (fig. 242 A). Urceolus db) has but a single flagellum 
arising from a large funnel-shaped depression at the apex (fig. 242 J). 
Here the periplast is coarsely striated and allows of considerable 
change of shape, while in Entosiphon and the uniflagellate Scyto- 
monas it is firmer, in the former bearing prominent longitudinal 
ribs. In some species of Heteronema the body is spirally twisted. A 
number of genera have flattened cells; examples are Petalomonas(b 4), 
in which the periplast often bears longitudinal ridges (fig. 242 F) 
and Anisonemaus.b* ) which is biflagellate and shows a pro¬ 
minent ventral furrow running practically the whole length of the 
individual. 

The above-mentioned siphon is typically developed in Entosiphon , 
Peranema , and Urceolus , while that of Heteronema is smaller; it is 
lacking, for example, in Petalomonas and Anisonema. In Entosiphon 
it forms a cone-shaped tube (fig. 242 I, s) traversing nearly the whole 
length of the body, open in front and tapering to a point at the back 
end. In Peranema , Heteronema (fig. 242 C, D), and Urceolus (fig. 
242 L), however, it appears to consist of two longitudinal pieces 
somewhat widened into an anterior funnel (fig. 242 D, L), where the 
two rods are sometimes connected, the whole being placed more or 
less obliquely a short distance behind the anterior end of the in¬ 
dividual. In addition there is an arched rod (co), extending from the 
anterior end of the siphon to the surface of the periplast. It appears 
that the siphon disappears during division and that new ones are 

formed in the daughter-individualsn*.65.88a). 


The function of these characteristic structures is scarcely yet clear. 
They appear in all cases to be movable and can be pushed 
as well as from side to side. Only in 

however, does the siphon seem to be capable of bemg slightly protruded 

from the anterior end of the individual. Movement of the ^Zs 
to effect a kind of suction whereby particles are caused to strewn towards 

the opening of the canal, and in Peraucna ,t has been 
open and close the cytostome during feeding. ™re £ r , * 
agreement that ingestion of food takes place through the canal by V 
of a cytostome located in the reseiwo.r which thus acts^ ^ 

gullet (4951 » 52 . 69.89,99), although Other wor • . t ^ e reS ervoir. 

the cytostome is related to the siphon an issep . ic> but t his is 

According to Lackey (65) Entosiphon is so p P undigested 

not in accord with other records (cf. (96) p. i 7 »h 


1 See (19). (6s). ( 66 ), (87), ( 95 ). 
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(after 2 K|ebs) eP thr d Ji Cti0n ° f . the Eu e>enineue. A-C, Ei«/*»,i </«•*« Ehren 

Mainx (after* Ma^x)* U ^ ,Ve J^. i ^ 1 di V sio ."- P" K * £ ‘ chlamydopho 

G . viridis Ehrenh f-Vr’ u'i , " d,v,duals showing metabolv; F, cyst 
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ce > centrosome* k ™ 3 fus,on ’ *• basal granule; c, chloroplast; <a. cana 

*, stigma. ’ ' car > osorr >e; »», nucleus; r, reservoir; -rh, rhizoplas 
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remnants of the food are excreted at a definite point in the posterior 
part of the body in Peranemais.bba). 


Reproduction of the Euglenineae 1 

Reproduction of the Euglenineae is, as usual in flagellate types, 
effected mainly by longitudinal division, although Tannreutheripg) 
records transverse division as an abnormal phenomenon in Euglena 
gracilis. In most cases the individuals come to rest, secrete an envelope 
of mucilage (fig. 243 A), and then proceed to divide, fission com¬ 
mencing at the front end of the protoplast (fig. 243 B, C). In certain 
species of Euglena, inter alia, the cells tend to round off at these times 
and may then divide again and again to form palmelloid groups, easily 
distinguishable from the similar stages found in other classes by the 
presence of paramylon. Sporangial stages, where a number of new 
individuals are formed within a common envelope, are also known 
(19.40). 

In Eutreptia, Astasia, and Distigma, however, division takes place 
during movement. In the encapsuled forms (e.g. Trachelomonas) one 
of the two new individuals usually escapes from the parent-envelope 
and, after a period of swarming, secretes a new envelope, while the 
other remains within that of the parent; according to Gimesi(43) there 
are certain differences in the structure of the nucleus between the 
retained and the liberated individuals. It seems, however, that in 
Trachelomonas the entire protoplast may also escape from the envelope 
and only subsequently undergo division (24.104). 

Cysts with a thick firm membrane, composed of an unidentified 
carbohydrate ((14) p. 203), are commonly formed in Euglenads ). 
Here they are usually spherical, have a thick stratified membrane 
(fig. 243 G), and contents which are commonly coloured red by 
haematochrome. In E. chlamydophorairi ) the cyst-membrane is o 
a characteristic shape (fig. 243 F). Forms with a rigi perip 
(. Lepocinclis, Phacus, Menoidium) possess resting stages which quite 

resemble the ordinary individuals, and the same lS t e c * s . e '. n 
Trachelomonas. Temporary encystment, on the part of individuals 
which may or may not retain their flagella, is a so recorded in 
Euglena (4b. 99)-, such cysts are surrounded by a delicate mu g 

'TnTsogamous sexual process, involving the fusion rf-noebrid 
gametes provided with two chloroplasts, has been recorded by Haase 
p. 52) in Euglena sa„gui„ea, although thts at present awarts 

confirmation. The zygote is stated to d.vide without!i' res. 

and to give rise to a number of small vegetative in M j.preceded 

described a fusion of ordinary individuals (fig. 243 ^ h V 

1 See especially < 4 «>, <' 9 >. «> 3 >, (68) * 
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by nuclear division and abortion of one of the two resulting nuclei 
of each gamete, in Scytomonas pusilla Stein (Copromonas subtihs 
Dobell). Berliner(8) has recorded a similar case in another species 
of the genus. Recent workers with Euglenineae have failed to obtain 
any indications of sexual reproduction, and it is noteworthy that in 
Entosiphon and Peranema Lackey(66) observed neither conjugation 
nor encystment during prolonged cultures covering several hundred 
generations. 

Affinities and Classification of Euglenineae 

The affinities of this specialised class are quite obscure, but it is of 
interest to note that, in spite of its limited development, parallelism 
with other classes of Protophyta is displayed in so far as, apart from 
the motile unicell, we find the encapsuled type and the dendroid 
colony ( Colacium ). Various authorities (cf. (96) p. 174) have assumed 
a relationship with Chloromonadineae, with which the biflagellate 
forms show some resemblance in the arrangement of the flagella and 
the complex vacuolar apparatus, but such an affinity can at best be 
only a remote one. The simpler forms discovered by Schiller (p. 732) 
may ultimately shed more light on the relationships of the class. 

It is usual to class the Euglenineae in three families, comprising the 
holophytic, saprophytic, and holozoic forms respectively and, although 
this is no doubt artificial, 1 it affords a convenient synopsis. 

1. Euglenoceae: Amphitropis, Ascoglena, Chlorachne, Colacium, 
Cryptoglena, Euglena, Eutreptia, Gymnastica, Lepocinclis, Ottonia, 
Phacus, Trachelomonas. 

2. Astastaceae: Astasia, Distigma, Menoidium. 

3 - Peranemaceae: Anisonema, Entosiphon, Heteronema, Peranema, 
Petalomonas, Scytomonas, Urceolus. 
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THE RESIDUAL COLOURLESS FLAGELLATA 

The numerous colourless motile forms already considered under the 

various classes in the preceding pages 1 betray by one feature or another 

their close affinity to definite pigmented forms. There still remain, 

however, a large number of similar colourless organisms which in 

part show considerable specialisation and furnish no evident clues as 

to their relationships. It is with these that the present section deals. 

Their ranks have during the present century undergone continual 

depletion as a better insight into their characteristics and into those 

of the holophytic forms has exposed affinities with pigmented types 

(cf. the Monadaceae, dealt with on p. 538), and the question arises 

whether all of the colourless Flagellata may not ultimately prove to 

be derived from such an ancestry and to represent forms which have 

become secondarily colourless. Pascher(4«) is of the opinion that this 

js probably the case, but although many of the forms considered 

elow give the impression of being derivative types, there is no very 

satisfactory evidence at present to support this view. Nor does there 

appear to be any good reason for denying the possibility that some 

series of colourless Flagellata may have been colourless from the 
first ((.8a) p. I4I ). 

Diverse authorities ((49) p. 7) hold that the possession of an eye- 
po is indicative of derivation from a pigmented type, the eye-spot 

re/' 11 ** 38 a m °dified chromatophore and as the sole persisting 

1C .° photosynthetic apparatus. This turns on the question of 

mMr lntei ^f eta, ' 0n t * ie e ye-spot (p. 33), but has probably a 
cham 11 ! 6 trut h * n it. Yet, in the absence of other distinctive 
colm. C i erS tri ^ orms w *th eye-spots must still be left among the 
charset^ *l a gellates. Such organisms, however, often retain the 
p 0/v/ l eris f ,C st o ra ge-product of their pigmented allies (starch in 
elucida^’ lex i c< ? s,n * n Monadaceae, etc.), and this has helped in the 
of the I( i n 1 Unities several of them, although the adoption 
(cf p 9o)° Ur 638 * la * 5 * t see nis ultimately to lead to the storage of fat 

the l ^ at * n most °f the forms to be considered below 

and that car y° somes ( fi g»- 2 44 F '. 245 A, D) 

granule* f u a ver y c °nimonly a rhizoplast connecting the basal 

rcsnectq ?u 1 C " a 8 e h a to the nucleus or to its caryosome. In these 
cy resemble the simpler members of the Volvocales, 

See especially pp. 90 , 501, 538, 657, 704, 721, 735. 
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Chry som °n a di neae , etc. Multiplication is effected by longitudinal 
division (figs. 244 P; 245 K), commonly during movement, while 
resting stages (cysts) have been observed in only relatively few cases 
(fig. 244 Q). Sexual reproduction has in the main been recorded 
among the more specialised types and shows marked peculiarities of 
its own which it is beyond the scope of this work to consider (see 
(19), f2 0 ), (23), (39), (55), (56)); autogamy is frequent. 

Our knowledge of these forms is in great part very imperfect and 
is at present based almost entirely on the freshwater and parasitic 
forms, although it is evident that a considerable number of similar 
types also occur in salt- water(2i ,29). A considerable number are 
saprophytes, but many are more or less highly equipped for holozoic 
nutrition. 

Since Senn’s day (">o>; cf. also (30), ( 39 >) it has been customary to 
group the colourless Flagellata in three main series, 1 viz.: 

Prototnastigineae, in which absorption of food-particles in holozoic 
nutrition takes place at a definitely localised point, often developed as 
a simple mouth (cytostome), although a number of the forms belonging 
here are merely saprophytes. 

Pantnstonuitineae (also sometimes known as RJiizomastigineae), in 
which such absorption can take place at any point on the protoplast 
which is commonly capable of marked change of shape. 

Dislomatinene, a specialised group of binucleate “ double individuals” 
(cf. p. 15) with symmetrically distributed flagella and, in several forms, 
two symmetrically placed mouths. 

The diverse genera included especially in the first two groups 
constitute a rather heterogeneous assembly and the classification is 
scarcely a natural one, nor is there any very sharp limit between the 
Protomastigineae and Pantostomatineae. It is not proposed to under¬ 
take any detailed consideration of these forms here, but merely to 
indicate their essential characteristics by a brief description of typical 
examples; further details will be found in the works already cited. 


Protomastigineae 

This, the largest group of colourless Flagellata, includes organisms 
with one or two flagella. The periplast is always delicate, a t oug 
there is usually no marked metaboly except at the posterior en 
Many members of this group give the impression of marked speci isa 
tion in various directions. A number of families are distinguis e , 

of which the biflagellate Monadaceae are almost certainly all colourless 

derivatives of the Chrysophyceae (cf. p. 53 s ) an( J the same . lS f P OS f' C 

true of some or all of the uniflagellate °\ comonadaceae ^ 7) l er P while 
The individuals of Oicomonasi 29.30) live in pollute » 

1 The families are listed on p. 754 * 
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Martin (41) has recorded a species from sick soils. The cells have an 
emarginate anterior end (fig. 244 L, N), often protruded on the dorsal 
side, a type of body found in many Chrysomonadineae. O. ocellata 
Scherffel(s7) possesses an eye-spot. The flagellum arises from a basal 
granule which is connected by a rhizoplast with the caryosome of the 
nucleus. Nutrition is holozoic, food being absorbed only at the 
anterior end. One species, O. socialis MoroflF (< 4 s> p. 80), forms 
colonies in which the cells are united by their protruded posterior 
extremities; the individuals may, however, also occur as solitary 
stalked epiphytes (fig. 244 N). The formation of cysts is stated to take 
place endogenously ((3<>> p. 321). Sexual reproduction has been 
reported. It is perhaps significant that the Oicomonadaceae and 
Monadaceae respectively include the most primitive members among 

the uni- and biflagellate Protomastigineae, while the other families 
are clearly specialised in type. 

The Craspedomonadaceaei. 10.16) are uniflagellate epiphytes or 
colonial planktonic forms, with a delicate periplast, found in relatively 
pure waters. They are distinguished by the fact that one or two 
funnel-shaped, collar-like, hyaline outgrowths (r) of the protoplast 
are developed at the anterior end around the base of the flagellum 
(hg- 244 I, K). These structures aid in the absorption of nutriment, 
t hey can undergo change of shape and may at times be altogether 
withdrawn into the protoplast, to reappear subsequently. Simple 
forms are represented by the sessile Monosiga Uo. 6 3 ) (fig. 2+4 \) and 
the stipitate Codonosiga ,» the stalk of the latter being commonly 
branched and bearing a number of individuals (fig. 244 Q) I n 

fre unSH J h 66 ,’l, and S & haer ° eca ^«>(%• *44 G, M) such individuals 
are unued by the stalks to form free-swimming colonies, whose cells 

in the case of the latter are embedded in mucilage. Another tyre of 

" here thc s,alkless individuals are 

™ Pl ° Siga{l ?- bb) (fi S- 2 +4 K) only differs from Monosiga in the 

™ ° f tW ? o 0, , larS - Not uncommon epiphytes are constituted 

a^e moviXT ° { J al t> in S°'ca* <«*■ -44 J), in which the individuals 
e p rovKle d with a sessile or stalked envelope (e) from which the 

P opasmic collar (r) usually projects; in the otherwise similar 

there c are ““«■ A very remarkable form i. 
the inT^ Mm i <,,,6,) Wh,ch is usuall y P ,aced ^ a distinct family Mere 

co^f y V 'ra U nn.a a r re r in ,he a P ical P a " s of -.hunched 

enclosed fn the m u Tna C «fnH ma T ( g ' 2+4 S) ' The L ' ollar is ^ 

with nutrition. 8 and ,n th,s case s eems to have nothing to do 

The biflagellate series includes, apart from the Monadaceae 

• s“ S; 
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Fig. 244- A, B, Mast,gamoeba invertens Klebs. C, D, ^ t ’ u ^ ed ^ ndiv idual, 
Gruber; C, rhizopodial and D, flagellate ***£r*r do cra ssicauda Alex, 
stained. E, Mastigamoeba spicata Penard. F, C MuMdlia lacustris 

G. M, Sphaeroeca Volvox Lauterb^ M ^gMcola Stein. 

Lauterb. I, Monostga fusifarm,s Kent. J * ff^.^ Schew . N, O. sociahs 
K, Diplosiga France, Lemm. L, Otcomonas excava 
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« • • « » in which the two flagella point in opposite 

directions during movement (fig. 245 A, B), the backward one some¬ 
times serving for attachment to a substratum (species of Bodo). In 
Bodo 1 (fig. 245 A, B) each flagellum arises from a basal granule which 
is connected by a delicate rhizoplast with a large specially differen¬ 
tiated blepharoplast (cf. below), formed by division from the caryo- 
some of the nucleus. The variously shaped individuals are mostly 
tree swimming and are inhabitants of strongly polluted waters. The 
anterior end is commonly protruded and pointed (fig. 24c B) and in 
several species this protrusion is pushed into the prey (other Flagel- 
ates, Infusoria) and the nutriment absorbed with its help, although 
in others the food is engulfed by the anterior end in the usual way. 

directe'dflao!^ 8CnUS (fig- 245 C) the forwardly 

directed flagellum is replaced by a movable tentacular protrusion of the 

* h ;„T '? P ush th ' f °° d ««w.rds the cytostome «„> p ,3, 
siSlar m th , th,S . tentacle contains an axial thread (fig. 245 D , d ) 
whkh io2v C H C ° nSt,,Ut1 ^ the backwardly directed flagellum (/), from 
monas normal| d VCry thlck c y to Plasmic envelope. Rhyncho- 

the two Zrella HaS tW ° e pharoplasts lying one behind the other. 

granules tI XZT* ^ the one > without basai 

is conn“cted to rh °. P St K (SOm t t,meS 3,80 the other - cf - «g- *45 D) 
the only Protoma<5tiff UC CUS & t .* lread ’ Bodo and RJiynchomonas are 
apaitfiomthe Trv gmeae P os ^ssmg these specialised blepharoplasts. 

P rt trom the Trypanosomaceae and Cryptobiaceae mentioned below. 

in f^de' ! eZoTe n I a h "I ° f *"*“““*' has its cells contained 

the backward^ dh“erred ’ °, n * extends freel y into the water, whife 
the individual to rht k d iP Serves as a con tractile stalk fixing 

protruded into ° £rif“ the C J velo P e - The anterior extremity if 
absorption of nutr P im lke t 0Ut I 8^0 o Vth ,• (penSt0me, P) which aids in the 

colonTes are forced ‘ n ' d ' nobryoides Lemm.(,o> epiphytic 

t . rmCd JUSt aS m Dwbryon (p. 529), while in B. socialis 
<*>. (s«)*(6i^ UdCS Prmvazgk,a (*- 3 *M). See also (6), c 3 ). (. 4 ). ( 24 ). ( 4 o). ( 45 ). 
^e^). UP, U8), (6-6a>. (66). This genus was first described as Bicocoeca. 

Codonosiga Botryfis an attached individual. 

2 St; ^division; ^ ?’ hberatio ?. swarmers from 

of a colony. T, S '. Ph “ lansteri “”* digitatum Stein, part 

nf C a velope; /. flagellum - fb fooH h Kent- C ' co,lar; ce > centrosome; 
offlageUum (in R) : ‘3J™r ™cilag e-envelope 

^ ft ® r P enar d;F after AlexeipfF- i n rh ^ opod,um ; «•, contractile vacuole. (E 
k °ff; N after Moroff- 6-0 a f,i 3 p* r ’ * aftcr Franc * • L af,er Schewia- 
mt after Lemmermann ) Q f F,sch I R after Hartmann from Belar; the 
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Lauterhorn (34.36) (fig. 245 E) the individuals are united to form 
stellate free-swimming colonies. 

In the Amphimonadaceae (40) the two flagella are equal and both 
directed forwards (fig. 245 I). The individuals of Amphimonas are 
usually epiphytic, being sometimes situated at the end of a long delicate 
stalk. A remarkable member of this family, encountered especially in 
moorland waters, is Rhipidodendron splendidum Stein (24, 61). Here the 
cells are situated within the extremities of long mucilage-tubes joined 
to form fan-shaped groups. 

To the Protomastigineae also belong the highly specialised forms 
included in the uniflagellate Trypanosomaceae and the biflagellate 
Cryptobiaceae, which are in the main parasites in the blood of diverse 
animals and some species of which are responsible for diverse tropical 
diseases (sleeping sickness, etc.). In Trypanosoma the single flagellum 
is continued backwards as the thickened edge of an undulating cyto¬ 
plasmic membrane («/) which extends to the posterior end of the 
flattened individual and aids in movement (fig. 245 H), while in 
Cryptobia (fig. 245 M) the edge of the undulating membrane (m) is 
constituted by the second backwardly directed flagellum which projects 
freely beyond the posterior end. In these forms, as in Bodo, there is 
a prominent blepharoplast staining with nuclear stains and regarded 
by some as a second nucleus (kinetonucleus). In Trypanosoma (fig. 245 
H, b) this is situated at the posterior end where it connects with the 
marginal prolongation of the flagellum. 1 

The Trypanosomaceae also include the genus Leptomonas,- the 
species of which are found in the intestines of insects (commonly in 
the house-fly, see (55), (64)), as well as in the latex of Euphorbias, 
Ficusiiba), and Asclepiadaceae. In the case of the latex-inhabiting 
forms (fig. 245 J, K) the individuals are so transparent that their 
presence is difficult to detect until stains are employed (44). According 
to Lafont(33) the Euphorbias attacked by the Flagellate grow poorly, 
the leaves tend to drop off, and the plants often slowly die. Transference 
from one plant to another is effected by HemipteraUs. 17.26,421; flies 
are also suspected. 


Pantostomatineae 

The mainly holozoic Pantostomatineae are common inhabitants 
of the bottom deposits in waters rich in vegetation, but they are met 
with also in polluted waters and in old cultures The P r,na P a ' for ™ 
are classed in the Rhizornastigaceae of which Mastigamot a ( g. 44 

1 A further consideration of these forms is impossible here. See Minchin, 

Introduction to the Study of the Protozoa. j Phxtomonas, 

Some spec.es are ipcluded in the genera and ^ 0 

but the prevalent view seems to he that there are no ^adequa e g 
differences. For other literature, apart from that cited abote. 

(38), (4'*), * 47 ). . 
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nSitoikti L* m,n,n, " s Klebs - R - « <v/ " v Klebs. C, I). Rhynchomonas 

oositinn*.n eS) Lcnim; S’ two individuals with the tentacle in different 
Sum Slik’ nCt i , ? d, l v,dunl - K, Bicoeca social" Lauterb. 1\ Ifexamitiis 
II Tr-vhsit S ’ Sta ' ned '"dividual. G, Ump/m^us mstro/us (Stein) Klebs. 

d Z ,,0 T e LaV - ct MesniI * «»i"«-* d individual. I. Amphhwmas 
L J ;, > I'i'font; K. a dividing individual. 

stiiS S ^M v ^ M * '>>•/»"*«« /W/, (Lav. et Mesnil) Lemm.. 
bI«haron,tV ^ Buoeca locus,ris J. Clark. anterior lla«ella; h, 

tentacle (in bod >’ of hlepharoplast (in I)); ,1, axial thread of 

brane- n nucleus’-*/ 1 '* °| P «' ' flaKellun, . : k ' Ci 'ryosomc; »//. undulating mem- 

firmer' substance ’ (A°l r * P°*« erior Amelia; t, rod of 

H M after I IT" (A ' \ “ flcr Alexeicff; II, G after Klebs; 1) after Ildar; 
) r LaVCran and J. K after Lafont; the rest after Lemmer- 
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A, B, E) and the allied Mastigellai 19.40) afford typical examples. These 
are amoeba-like organisms, with an ill-defined or well-marked (fig. 
2 44 E) periplast, but provided with a rigid flagellum which is often 
several times the length of the body. In Mastigamoeba it can be 
traced up to the nucleus where it terminates in a granule (fig. 244 E), 
while in Mastigella there is no such connection with the nucleus. 

The individuals can swim freely with the help of the flagellum, but 
commonly creep over the substratum in an amoeboid manner, 
although retaining the flagellum which is suspected of serving as a 
tactile organ. Most species are holozoic, the food being absorbed by 
means of pseudopodia arising at any point on the body, although in 
a few cases confined to the posterior end. At times so large a quantity 
of Algae may be taken up as to cause the cells to appear green or 
brown. There is commonly only a single contractile vacuole, situated 
at the front or the back “nd (fig. 244 A, v). Several species show a 
peculiar development in the shape of a mulberry-like appendage at 
the back end. Multiplication is effected by longitudinal division 
during movement or after the organism has come to rest. The accounts 
of sexual reproduction are not very convincing (see (19)). 

Gruber’s Dimorpha( 8.22.50) (fig. 244 C) differs in possessing two 
equal flagella (/) and in the fact that the body bears a number of 
delicate radiating rhizopodia (r), each provided with an axial fibre. 
These fibres (fig. 244 R, r) radiate outwards from a centrosome (ce) 
lodged in a concavity of the nucleus and from which the two flagella 
(J) also arise (<6 a) p. 32). At times the rhizopodia can be completely 
•withdrawn (fig. 244 D) and the ovoid cell swims freely with the help 
of its flagella, one of which is then directed forwards, while the other 
trails behind. The organism can also attach itself to a substratum(6a) 
by means of the forwardly directed flagellum (fig. 244 R) which then 
develops a mucilage-envelope (m). Small organisms which come into 
contact with the rhizopodia are stated to be killed ((23) p. 45°) an ^ 
then glide along them to the surface of the protoplast, there to be 
enveloped by pseudopodia. This form shows much resemblance to 
some of the Heliozoa except for the persistent nature of the flagella. 


The orientation of the flagella is the same in Cercobodo 1 (fig. 244 F )» 
the individuals of which can at times assume an amoeboid form so as 
to resemble a biflagellate Mastigamoeba. The flagella anse from a basal 
granule connected by a double rhizoplast with the nucleus. Cysts witn 
a firm membrane have been recorded in certain species. ., 

To the Rhizomastigaceae are also referred the epip yti R . 
monas (so) and Actinomonasii 1 . 63 ), found in pure stagnant wa . ^ 

possess numerous rhizopodia and a single flage which has 

by a long delicate stalk to the substratum. Ptendomonas, which n 

‘ This includes Dimastigamoebai 4S). as well as certain species formerly 
referred to Cercomonas. See also ( 31 ), (43), (54), (59)- 
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also been found swimming freely, has the rhizopodia arranged around 
the base of the flagellum and thus shows much resemblance to some 
of the Cyrtophoraceae (Chrysophyceae, p. 532). 

The remarkable Multic1l1aUz.3s.s2), a form inhabiting sediments 
is usually referred to a separate family ( Holomastigaceae ). In M. 
lacustns (fig. 244 H) a considerable number of flagella (/), each arising 
from a separate basal granule, are evenly distributed over the surface 
of the slightly amoeboid protoplast, whilst in M. pa/ustris (s .) the 
organism is polyhedral with the flagella arising at the corners There 
are numerous peripheral contractile vacuoles and often several nuclei 
with prominent caryosomes. Multiplication takes place by division 
during movement. This organism is generally regarded as primitive, 
but there do not appear to be any very good reasons for this view. 


DISTOMATINEAE (*4.30) 

i^dudeS Sp , ec : ali f ed r gr ? up ° f binucleate double individuals 
" r d n '{. reIat,vel y few forms placed in the single family Disto- 

JZT- A h ? Ve a del,cate periplast and show metaboly. They are 
characteristic of polluted waters where they feed on the bacteria! 

in th U J atl ? n ’ . wh,le Octomitus and some species of Urophagus occur 
»n the intestines of fish, frogs, etc. ^ 

(# r: d r b l natur r f t M ndividua,s » p^y ^dem in 

(fi e ' ’ F M k C bod y t insists of two symmetrical halves 
: r £; 45 e ? ch w,th three anterior flagella (a), the two sets 

therefsa n b!ck her th ® . b I untly rounded fron t end; in addition 

are eight ^ y greeted flagellum (r) on each half, so that there 

which*!* corf » 'a a 'c EaCh fla g el,um arises from a basal granule 

the other b^al^ W ,‘ th a PP ro P riate nucleus (»), as well as with 

~™X p, r ° n d ei fl h "J id ° e j:l 

from each nucleus fTT 8 t0 Wa * food -P ar t*cles into them. Running 
substance (fig p the P oster > or end of the body is a rod of firmer 

been suspected tff^ h ° SC f unct,on ,s unknown, although it has 
occurring^ the nrotJT 8 mecban,cal - Highly refractive globules 
glycogen® .here isTo^e S S™™* of a •“ bs “ nce -senrbling 

ora} Sres^mrim^r ‘K V rop, ^U.^s) which, however, lacks the 
* nutriment being absorbed with the help of a bivalved 
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posterior prolongation, the valves of which can separate and approxi¬ 
mate (fig. 245 G). Octomitus 1 (56) likewise lacks the oral fissures. 


Interrelationships and Affinities of the Colourless 

Flagellata 


Lemmermann ((40a) p. 52; cf. also (60) p. 112) was of the opinion that 
the uni- and biflagellate Protomastigineae were descended from 
similar forms among the Pantostomatineae, but for this view it is 
difficult to find any adequate support. On the contrary, in view of the 
now practically established derivation of amoeboid and rhizopodial 
forms from flagellate types in the holophytic classes of Protophyta 
(see especially pp. 499, 532), it seems much more likely that the 
Protomastigineae are the more primitive of the two groups. Among 
them, as already pointed out above, the Monadaceae and Oicomona- 
daceae appear as relatively unspecialised forms, particularly in such 
genera as Monas and Oicomonas. Since there is very little doubt that 
the Monadaceae represent colourless Chrysomonadineae (p. 538), 
while a similar relation is suspected for some at least of the Oicomona- 
daceae, this directs attention to the Chrysophyceae as the possible 
source of the Protomastigineae. In this connection it is noteworthy 
that among the members of the latter we have the same three types 
of flagellar apparatus (Oicomonadaceae, Monadaceae, Amphi- 
monadaceae) as occur in Chrysophyceae. It is therefore not beyond 
the realms of probability that future research will show that all 
the Protomastigineae are to be regarded as secondarily colourless 
Chrysophyceae. As regards the Distomatineae, which are clearly 
very specialised, it is significant that analogous “double individuals 
are known elsewhere at present only among the Chrysophyceae 
(cf. p. 15).- 

In the following epitome of the classification of colourless Flagellata 
only a list of families is given, arranged in a somewhat different sequence 
to that followed in the foregoing matter and expressing the point o % ieu 
just put forward: 

1. Monadaceae (see p. 538). 

2. Oicomonadaceae: Oicomonas. . 

3. Rhizomastigaceae: Actinomonas, Cercobodo, Dimorpha, .Mastiga- 

moeba, Mastigella, Pteridomonas. 

4. Holomastigaceae: Multicilia. 


‘ According to Ilart.nann <(»> p. 3 o2> Lamblia, whit*. Scnn i 
places as a svnonym ot Mcgas tomato), is the sexua l 

""t rtmid. however, he recaUed that SSS 

include a number of heterogeneous lorms that may 
(cf. Fur cilia, p. 90*. Fhyllomitus, p. 657). 
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5. Craspedomonadaceae: Astrosiga, Codonosiga, Desmarella, Diplo- 
siga, Diplosigopsis, Monosiga, Phalansterium, Salpingoeca, Sphaeroeca. 

6. Bodonaceae: Bodo, Rhynchomonas. 

7. Bicoecaceae: Bicoeca. 

8. Amphimonadaceae: Amphimonas, Rhipidodendron. 

9. Trypanosomaceae: Leptomonas, Trypanosoma. 

10. Cryptobiaceae: Cryptobia. 

11. Distoniataceae: Hexamitus, Octomitus, Urophagus. 
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Araphidcae, 570. 581, 583, 595, 640, 
641 

Arcfaegoniate planes, 2, 32 
Areolae, of Diatoms, 577, 578; of 
Dinophyceae, 675, 694 
Arnuldiella, 245, 246, 249; concho - 
pAtfa. 245* 
vArnoldiellaccae, 245 
Arlhrodesmus, 342, 355, 360, 362 
Ascocyclus, 20, 27 

Ascoglena, 732, 734, 74 * ; vaginieola, 
733 * 

Asexual reproduction, 39 - 4 1 . 47 ; see 
also under aplanospores, zoos¬ 
pores 

Asperococcus, io*, 19, 27 .. 

Astasia, 729, 737, 740 . 74 * Klebsn, 

737 * 

Astasiaceae, 735, 737, 74 * 
AslcrioneUa, 601, 607, 640; gracu- 
lima, 6oo # 

Asterococcus, 63, 122, 128, * 37 ? 

superbus, 127*, 128 
Astrosiga, 747, 755 , . . 

Attaching cells, 19; of Cladopnor- 
aceae, 235 ; of Oedogomaceae, 296, 
300; of Tribonema, 492; of Ll- 
vaceae, 214; of Zygnemoideae, 
316, 324 

At they a, 640; Zachanasi, O38 
Aurosphaera, 548, 556; echinotu, 549 
Autogamy, 50, 746* > n Diatoms, 620, 

631 

Autosporcs, 41, 15° 

Autosporinae, 147, 166 


Aoxospores, 616, 617, 638; of 

Centrales, 617-20; of Pcnnalcs, 

020 3 1 

Avaivate stage (of DinoHagellata), 

703 

Avruinx'illeu, 404, 413, 439; ojrtri- 
jolia, 403* ; mgresems, 403• 

Axml area (of Diatoms), 570 
Axile chloroplasts, 63 
A\opodisi, 532 

Axoosponr forms, 17, 26, 41 ; among 
Chlorococcalcs, J47, 159; among 
Dinophyceae, 706, 708, 709; 

among Xanthophyccae, 484 ct seq. 
Azotnbactcr chroococcum , 189 
A/.vgosporcs (of Conjugales), 335 


Bacillaria, 572, 641; paradoxa , 568®, 
590, Ooo*, 601, 631 
Bacillariophyccac, 4, 7, n» 29, 37 » 
38,50,52,362,502,564-451.664, 
667,674,713 
Bacteria, 493 ^ 

Bacteria strum, 605, 607, 640; vanans, 
602* 

Bambusina, 348 
Bangiaceae, 220 
Bangiales, 4, 9, 12, 51, 53 . 

Basal cells, see attaching cells, 
— granules, 29, 3* 

Basicladia, 24*. 249 

Batophora, 389, 393. 439 ; Oersteds, 

388*. 389 

Batrachospermum, 1 1 # , 20, 21, 23, 27, 
54, 451; mottiliforme, 49 
Bemardinella, 151 
Bemardinium, 26, 7 <M. 7*4 J bentardt- 
nense, 705* 

Besseyosphaera, 105 
Bicocoeca, 749 

Bicoeea, 749, 755 ; dtnobryouiea.W. 

lacustris, 751*; socialis, 749, 75 * 
Bicoccaceae, 749, 755 , 

Biddulphia, 5 « 9 , 595 . 608. 635 . JJ®* 
' mobuiensis, 6 «8*. 4>9. 

634*; pelluctda, 597*; ptdcheUa, 

568*; sinensis, 612, 635 
Biddulphiaceae, 575 

Ei^S^^-m-rowth). 

Bitiuclearia, X06, 226. 493 i 
206, 207 • 

Binucleatac, 31 
Biraphideae, 570^6^ 6 4« 

**- 

Blastoparenchymatous foirns, 2^ 
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B ,e phar°plasts, 20, 3 >. 3*. .101, 7 W, 
i>t l.hataceae, 45S 

Blue-green Algae, sec Myxoph> Ctttc 
Bo<io t 31, 749, 750, 755; cdax 9 7 s 1 *; 

minimus , 751 • 

Bodonaccttc, 749, 7*55 
Boghead coals, 478 ' 

Jlolbocoleon, 258, 264. 2.>i ; 

Jr rum , 250* 

4«, 4-4. 431. 

uanirnus, 42 x 4 
ftooiiicopsis, 404. 479 
Morgen t 149, 179; ploncco/iUu, 140* 

norncutla.w .W7. 4J9i 
39 * ; O'fgtnpvru, 392 * 
liorodmeUa, T48, 749. 179 
Borrydiacejc, 50j 
M'Urytiinu, 184' 

/to/0</i«/>m, zt>. 48:, 483. 4.S4. 5 c i 
«"/«*„ 472-. 4 N. ; * ct st : 

482*, 483 

HolryJium, h, 36. 47j. 495-8. 503; 

497 * 1 grwndutum, 370. 
“195, -407*. 498 . iHicItydermitin, 4«>(- • 
tuherotum, 497 *. .»y8; Wallrcihit, 
.497. 49k 

Hotryococcus. 476-8. 48., s <m; 

479. 477*; rrutubca.u. 

Botryosphaera, 476 

Boutina, 410, 439 
Urar/uonmiiu.t 9 41, 43 \ 83, 93, 

, ! 37* H'Uuina, 82*. 02 # 

Branched filament, 19 
JlKinohm* of Cliaraceae. 449 
Bretoniella, 534 f ^ 

Bristles,*249; Q f Coleochueu 281:0, 

M4l 5 .,6 

rcvv'n AJfiao. see I’haeuphyc,,* 
itryophyiH, 2. 51. 54 4,7 
Hryopiu , 6c, 3.I,. - ... 

corymbose. 37-* * V , ,f 

. 

-?°3> 305; V«.S»* 

'«*• tiurrnn'h.,: 297 *£ ' 

gera, 297 •, 2giJ , *1 • 

IiU k-llr“ t ' 47 ' ’ 4 ‘> 3 - S*J ; eviVA 4 o • 
Klefstom,, 495-. ' ' 

,,'^. 491 . 4 ->S* 4911 

Butsohlt s globules. 599 
CanpiteHa, 2 51 

C.lc.«c,«m 13> **. 35S , , 

74/ . in Lhanucac. ice ,a c 
l-Wcladacear. 387- 402 * 5 1 

c$ 2 rz?s ? ; < * • 

C^/yfirroharUun, t j, 

( ‘ P fr(,; Ph' f-Tit i*vlongtt $zti* 


7 U 9 

' ^ mpylodisi us , 6j * 

Canal-raphe (ol i'lau-ms), 587-^0 
Carvnal dots (of Diatoms), 571,588 
Carotin, 6S. 183 
{ atpofronium, *c # , 47, .0)', 51 
( arpospoie 9, 51 ei m<j. 

( 8l, 85, S;, ii<;, 130, 717, 

0 • • ,ft 9 82*, 

vio; ript fiftiu, 81 ; CunhtnrmB, 82* 

.., 7 , 81, 8 .• * , fijitiihli, 85; 
*82*. t/itiuiii. Si; ovtit<j. 

1 1 *j\ polyrlrforli, 8 4 , };.?*■ 

C \irU; t „s and , fX8 

t •11*01 J-,, i 18 

l . 2 s. t>y, . Iluc .Vs 6.;, 

('jst:<^nc 2 ) ^3- 

Cuu^ipi, ',.S. 227., 3,.9, J74, 377-85, 
459; t A.mifcw, >7 H, 379*, c / flt .7. 
/cr.i, 579*, 385, Cfusn/nlui. <78' 

. vo.379*. 380; f ist^ialj 

* 3 V 9 . 4 ° 4 i fc*rusonii, 

/«.»•/.o. i«-‘. , 37 .s. 3«, ; hu-t^d^nj' 

■ 27 '‘ : ' ^3 7 «; CWim,-/, 

.. 1^4 .^ r < :!Trrxi,h$* 3771.1 icii *, 

i/v‘‘ f ^ftnoia, 379* 380; 

3 7 S, 38; - ; -V/r,;-,;. 

jKi • ; t . i . xi / oi „ s , 

. 3 /i», 379 ; -*vi trc.n.’tti, 378 1 1 scvi . * 

/ W/r- P « CW, °* 374 S<; - *39 

' C 4 ?. 544 . » 4 '*; w.. 

Cell-clivwion, .7. ,s. in Chic. 

j h>. ; e.K. > 7l , 72, i„ (.;| aduph , Ji 
*-0^. *»i Desi.a.Vtet ye. .s lf 

I >ir*ophy«-cac % f?7*» % ol .. 

—.:.-ac, 313; i„ Otd., K „„:. u ., „. 

r‘: \ ' l > of 

;.W r p. ( , A ;ol Ch.K,O..K . ;s . ; 

<*; t ,.!<>. (,,-hycc '.c, r. 1 f) , 1 . / 

«^3 c iT* 403 :of LV ^«^. ', r s: 

• 01 1 hau - . . . ... .. 

Of i hr d • dl n V * 

‘-tmrules UA-ntri,- D,. t ,o,n ; .) V\«e 
jf, 9 . 170, 575 t-t .-.s, Vo - . f 

f«, 7 . bo«:v;; 3 ;«?. t f 

lo."' S 3 * 5* • auxvsp. r * 

foimntioii, *117-20 * 

6^3 8 7 * niu 

v •Mtrioles, 

1 '*''!> ilracius. f>• , v . ... 

btion ,h!nn us , ' ‘ r r »; 

» * i.ltodc .mo-c, 3,', f,6, 

• uitelfo 60 - 
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Cen^rosomes, 29, 3 j. 32, 319; m 
Characeac, 453 ; in Chlorophyceac, 
7 r, 72 ; in I hotorns, 593, 609, 0 j 1 ; 
in I >inophyceac, (>69; in KugU-ui- 
ncac, 731 

Centrosphcres, 29 

Cephat euros, 278 80, 291; Coffeae, 
280; laevis , 279*; minimus, 279*; 
virescens, 279*. 280 
C ephalot hamnion , 540, 555 
Ccratiaceae, 714 

Ceratium , 664, 669, 675, 696-9, 701 
et seq., 714; cornutum , 699*, 701 ; 
hirundinella, 665 ct sec,.*, 703*, 
704; tripos, 664, 699* 
Ceratocoryaceae, 714 
Ceratocorys , 699, 714; horrida , 700* 
Ceratoneis , 640 

Ccrcobodo, 30*, 752, 754; crassi- 
cauda, 748* 

('ercomonas, 752 

Chaetoceras, 595, 605 et seq., 614, 
619, 620, 633, 637 et seq.*, 643, 
686; Ara/ii, 636*; Cosiracanei , 
605*; cochlea , 619*; dccipiens , 608, 
633» O34 • ; Loren zi an urn, 633, 

634* ; medium , 619*; paradoxum , 
639*; socialis , 605*; subtilis , 605* 
Chaetomorpha, 23/, 232, 235, 238, 
241, 242; 231*, 235, 240*; 

Linum, 231* 

Chaetonema , 46, 47, 72, 258, 264, 
266, 284. 291 ; irrcgulare, 49*, 73. 
258, 265* 

C 'haetopeltis, 258, 260, 291 ; orA/- 
culans, 263* 

Chaetophora, 254, 255, 291 ; elegans, 
253*; iticrassata , 253* 

('haetophoraceae, 205, 244, 248, 

249-66, 280, 281, 290, 291, 361, 
425 

C’haetophoralcs, 20, 60, 74, 201, 

248-96. 309, 425 
Chaetophoreae, 249-57, 291, 30S 
Chaetosiphoti , 425, 426, 439; monili¬ 
formis, 4 2 5* 

Chaetosiphonaccae, 425, 426, 439 
Chaetosphacridiaccac, 249, 286-8, 

291 

Chactosphaeridium, 286, 287, 291; 
minus, 288* 

Chulkopyxis tetrasporoides, 511* 
Chamaedoris, 417, 419. 4 2 °*. 4 2 4. 

439; Peniculum, 420* 
Charnaesiphonalcs, 20 
Chanlransia, io*. 22*, 24, 27; 

corymhifera, 49* 

Chara, 24, 447 et seq.; aspera, 45°*. 
464*; balnea , 447. 4 6 4*; crinila, 
451, 460 et seq.*; foetida , 45 2 » 
457*, 459*; fragilis , 447* 45°*. 


45 1 » 455 *. 462*, 464*; hispida, 
44**, 450*; zulgaris, 448* 
C'haraceae, 281, 447-69 
Characiochiori c, 154. 179; chara- 

cioides , 153* 

Characiopsis , 481,486. 488, 491, 492, 
503; crassiupcx , 487*; saccatu , 

- 4 * 7 *; turpidu, 487* 

Characium, 72, 130, 151, 154, 170, 
178, 179* 185, *89; Qpiculalum, 
153*; Brunnthaleri, 153*; graci- 
iipes , 153*; limnelicum , 151 ; longi- 
pes, 153*; saccatum, 151, 153* 
Charales, 2, 19, 32, 62, 63, 71 et seq., 
401, 447-69 
(_ harcac, 465, 466 
Charophyta, 4^.5 
Chemotaxis, 45 

Chilomonas, 26, 652, 653, 657, 659. 

662 ; Paramaerium , 656* • 

Chitin, 62 

Chlamydoblepharis , 91, 137; brunma , 

89* 

Ch/amydobotrvs , IOI, 106, 113, 119, 
*37; gracilis, ioo* 
Chlamydomonad structure, 79 
Chlamydomonadaceac, 43, 46, 85, 
95. *37. 541; colonial forms, 97- 
102, 106-9; colourless forms, 90; 
sexual reproduction, no, m; 
unicellular forms, 78-83, 93-5 
Chlamydomonadincae, 2, 72, 73, 
78-121, 134 et seq., 145. * 47 . 5 2 7 
C'hlamydomonas, 15, 26, 31*, 41, 5 1 » 
78 81*, 85. 87, 90, 9 *. 93 . 95 . 11°, 
in, 117, 119, 120*, 137. 361; 
alpina, 81 ; angulosa, 8o # , 92*, 93 ; 
arachm, 81; basisteUata, 90; A/ri- 
liata, 8o*; botryodcs, 112*, 119. 
121 ; Braunii , 46, 48*, 92 et seq.*, 
111, 1 1 2* ; caudata, 8o* ; cocci/era, 
46, 48*, in ct seq.*; Ehrenbergii , 
78, 1 17, 119*; elegans, 79. #o*; 
eradians. So*. 81 ; eugametos, 45. 
50, in, 35 2# » 361; Franki 93 *. 

94; gigantea, 93; gloeocystijorrms , 
78, 8o*; grandis , 8o*; Klcinit, 

80*, 93*. 94 . * 21 » 5 I 4 - . 8 j; 

110, 112*; monoica, 49*, 111,112 ; 
mucicola, 79. 8o*; multitaemata, 

80* ; nasuta , 65 ; nivalis, 95 ; P“ r "“ 
(to, 119. * 2 * ; parietaria, 79 . 80 
paupera, 45, 50; pertusa, 79 . 8o # » 

1 ia\pulvinat(i,i)^\Reinhardi,ii2. , 

reticulata, 31*, «°*, 81 • 

co/<i, 79 . 8o*; 79 . 80 ^ 

truncuta, 93 *; viridemaculata, 00 , 

Chlamydomyxa, 499, 501, 503; - 

finthuloidcs, 501* 
Chlamydosphaera, 1 o 1 
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Chlorachne, 732, 741 ; desmophora , 
733 * 

CMorachnion, 26, 501, 503, 534; 
replans, 501 

Chloramoeba, 26, 29, 470, 471, 473, 
501, 503; heteromorpha, 472*; 

marina, 471 

Chlorangium, 130, i 34> 137; $ ten- 
tor mum, 131® 

Chloraster, 85, 137 I gyrans, 86* 
Cltlorella 17. 26. 72, 147, 159, i 7y , 
180, 183 ct scq.*, 289; miniala, 69; 
rubescens, 1S0, 183 ; variegata, 181 ; 
vulgaris, 146*. 183, 188 ' 
Chlorellaceae. i 59( , 7y> l8 - 
Chlorobotrydaccae, 484-6, 501 
Chlorobotrys , 26, 481, 484, 486. 502, 
503 ; regularity 484, 485* 

Chlormeras % 83, 137; cornijerum . 82* 
C hlorochronwnas, 473, 503; mi nut a, 

Chlorochytrieac, 154-8, 426 
Chlorochytrium , 25*, 154-7®, 179, 
42^ ; Co/mu , 155 ; Facciolaae, 156®, 
{57 ; gloeophilum, 1 57 ; grande, 70® ; 
Lenuuie, 155, 156®; puradoxutn , 

1 No; barcophyci , 155 
Chloroclonium , 270, 291 
Chlorococcaceae, 179 
Chlorococcalcs, 41, 52, 62, 69, 72. 
73 . 128, 130, 136, I4S-98, 220, 

, 4 si: 486,- 5 3 ^' 362 ' 369 ’ 37 °'”+• 
Chlorococcoid structure, 145 
Chlorococcum, 17, 26, 69, 72, 145-7* 
179. 289, 370. 4 8i, 483; 

145. 14ft*. 180 ■, injusionum, 
» 4 6 J vulgare, 289 

Cnlorocystis Co/mii, 155; Sarcophyci, 

1 55 

( , 48o 0dendrinCae ’ 73, I30_€ * * 37 » 
Chloradendron, 133, 134 
( htorodesmus, 524, SSS; hispid us. 

ru 5 ’, 527 

fK':^ s . 474 - 503 ; .wo. 

Chlorogoniella, 79 

Chlorugonium, 85, go, no. 119, ,, 7 - 
elongation, 66, 7,. 82*. 85; *«-’ 
chlorum, 85 ; neglectum, n8® ; oox™- 

46, 47, 73 . HI. I 12 ®, 1x3 
Chtoromeson. 4 73. 503. 6 43 ; „/,/<>, 

C ^[ 0rn0nadincac ' 4 * 8 . 26, 36, 
Chlorornonas, 79 

C'hl„ r „p h ^e a o s . ,3, ,6, , 7i 

* 2 ; 13 > 36,37 - 47. si. S 3 . 60-469. 
470. 471, 491.501,502,507,548. 


Chlorophyllin, 668 
Chlorophyserna, 121, 123, 137; 

cysti/orme, 123® 

Chlorophyta, 11, 642, 713 
Chloroplasts, 5 ; of Chlamydotnonas , 
79-81®; of Chlorophyceae gener- 
a ^>’t 63-9®; of Cladophoraceae, 
231. 232 ; of Desmids, 342-5®; of 
Oedogonium, 298; of Zygnemoi- 
deae, 318 

Chlorosaccus, 16, 26, 474, 503; 

flutdus, 475® 

Ch/orosarcina , 190 

Chlorosphaeru, 190, 191, 289; .4/,V- 

^ tts \. l 9 0% p 191 \ consociata, 190®; 
Klebsu, 1 qo® 

C hlorosphaeraceae, 17, 190, 191 
Chlorosphaeropsis , 190 
Chlorotheciaceac, 486-8, 501, 503 
C hlorothecium, 486, 488, 503 ; Aro/- 
/fle, 487* 

C hlorotylites, 267 

Chlorotylium, 267, 291; cataractum, 

• 200 ® 

Chous pis, 331 
Chodatel/u, 159, 160, 179 
Chondriomc, 37 
Chondriosomes, 37 
Chondrus, 23 
Chorcocolax, 27 

Choristosporic Dasycladace^e, 399 
Chromatophores. 3, , 2 . 37, 50; of 
Chrysophyceae, 508; of Crypto- 
monadales. 653 ; of Diatoms. 593- 
8. 612; ot Dinophyceae, 668; of 
tuRlemneae, 725. 726. See also 
under C hloroplasts. 

C hromophyton Rosanoffii, 514 
Chromosomes, 69, 71, 453, 669 

Chromuhna, , 5 , 2 b. 40> 50 8. 5II> 

H : - 52 °' 523 * 532 . S 3 «. 541. 
f 55 ; flav.cans, 513• ; fretburgensts, 

5 i ; hokeana, 513*, 5,4; WMC| -_ 

no* 513 *; owi/m, 

5 10 * 5*3 ; Pascheri, 513® c.*. 

pyrum, 514; Rosanoffii, 508,’ sit*’ 

5.4; 5.4; 

Chromulinaceac, 512 et seq., 5SS 
Chromulmeae, 512, 530. 540. 55s 
( hroococcus macrococcus, 700 
c tiroo/epus, 273 

CAroowontw. 653. 662; Nordstedtii, 

Chrysamoeba, t 3 , 26, 508. 534, s , 8 
,, 555 \ radians, 534. 535* ” * 

Urysapsis 5.4, 5SS ; fenestrates, 5,3* 

s34 ’ s36 '»•?£- 
3 &SS; © 355 
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Chrysuhastrunt , 534, S3 6, 556 ; eaten - 
atum, 535* 

Chrysobotrys, 526, 527, 555 ; Spondy- 
lomorum , 528* 

Chrysocapsa, 26, 54a, *556; plancto- 
543* 

Chrysocapsaceae, 541, 54a, 556 
Chrysocapsineae, 512, 514, 541-8, 
556, 66t 

Chrysochlorophyll, 508 
Chrysoclonium, 555, 556 
Chrysocoecus, 13, 26, 523, 555, 732; 
dokidophorus, 522*; rufesrem, 
522 # ; tesselatus, 538 
Chrysocrinus, 536, 556; hydra, 537* 
Chrysodendron, 16, 26, 529, 530, 532, 
540. 555; ramosum, 528* 
Chrysomonadales, 512-48, 555 
Chrysomonadineae, 2, 4, 507, 512— 

33, 534. 555, 55#. 74<>. 747. 754 
Chrysophyceae, 5, 7, 11 ct seq., 26, 
31 et seq., 43, 51, 480, 499, 502, 
507-63, 564, 642, 643, 732, 74b, 
754 

Chrysophyta, 11, 642, 713 
Chrytopyxis, 523, 524, 530, 533, 538, 
555; Itvanoffti, 522*; stenostoma , 
522* • 

Chrysosphaera, 17, 26, 548, 556; 
mtero, 549* 

Chrysosphaeraceae, 556 
Chrysosphaerales, 512, 519, 548-50, 
556 

Chryiosphaerella , 524, 526, 555; 

longispina , 525* 

Chrysostomataccae, 549, 550, 556 
Chrysostrella, 550, 556; paradoxn, 
549* 

Chrysothrix, 550 
Chrysotrichales, 512, 550--5, 55<> 
Chryaosanthophyll, 508 
Chytridiales, 158 
Cladonia, 183 
Cladoniaccae, 183 

Cladophora, 19, 31 ct scq. # , 39, 43*. 
60 et seq.*, 231 et seq.; callicomu, 
232, 233*; fiavescem, 242; fltxi- 
caulis, 241 ; Jr acta, 235; glonurata, 
72, 231*. 2 33*. 238 et seq.*; 
Martemti, 237*; oplnophila, 231*; 
pellucida, 49* ; profunda, 231, 237* J 
Sauteri, 237*. 239; Suhritnta, 71*, 
231*, 232, 240*, 241; trichotoma, 
238 

Cladophoraceae, 73, 157, a29~43, 
224 et seq., 416 

Cladophorales, 52, 60, 63, 69, 74, 
224, 329-4*. *49, 369 
Cladophoropsis, 419, 421 et seq.*, 
439; mentbranacea, 421* 
Cladosporic Dfcsycladaceae, 399 


Classification, of Algae generally, 
4—11 ; of Bacillariophyceae, 640! 
641; of Colourless Flagellata, 754, 
755, °f Chaetophoraies, 291; of 
Charales, 466; of Chlorococcale9, 
179; of Chlorophyceae, 73, 74; of 
Chrysophyceae, 555, 556; of 

Cryptophyceae, 662; of Desmidi- 
oideae, 362; of Dinophyccae, 714, 
715; of Euglenineae, 741; of 
Siphonales, 439; of Ulotrichalcs, 
226; of Volvocales, 136, 137; of 
Xanthophyccae, 503; of Zygne- 
moideae, 336 
Clnnentsia, 474, 503 
Clitnaeusphemo, 575. 640; moniligera, 
574* . 

Ctipevdinium, 682 
Closterjcae, 3^7, 362 

(.'I os ter inspirit, 313 

C/osleriuui, 537, 341 et seq.*, 360, 
362; accrosum, 347*; didymotocum, 
340* ; Elirenbergii, 344, 346*, 351*, 
352*; intermedium, 348; laticeola- 
tum, 343*; Lcibleinii , 347*; [men¬ 
tion, 352*; Lunula, 353; rnoriili- 
ferum, 341*, 361; parvulum, 351*; 
rust ration, 330* ; striolatum , 347*, 
348; turgid uni, 349* 
Clump-formation, 44, 45, 48* 
Coccuehrysis, 523 

Coccoid hahit, 16, 26; in Chloro¬ 
phyceae, 145 ct seq. pin Chryso- 
phyceac, 548 et seq.; in Crypto- 
phyccae, 66 r; in Dinophyccae, 
706 ct seq.; in Xanthophyccae, 
481 et seq. ! 

Coreolithophora, 521 
Coccolithophoridaceac, 507, 517- 

19*. 520 et seq., 527, 555 
Coccoliths, 5>7. 5'9 
Coccolilhus, 521, 555 \ Pelagicus, 519* 
Coccomonas, 88, 91, 95, >37 orbi ~ 
cidaris, 89* 

Corcomyxa, 128, 129. *37, *#3. * 8 4. 
188, 189. 29OJ dispar, 127*; 

ophiurae, 187* \subcllipsoidea, 127*, 


*29 

Cocconeis, $70, 585, 595, 59°. °®*» 
629 et seq., 640; pedtculus, 627; 
placentula, 569*. 593, 595*, 6°°*> 
601, 611*, 626 et seq.* • 
Cochlodimum, 683, 7*4i arclumedet, 
684*; augustum, 683 - . 

Codiaceae, 23, 27, 369. 377. 37»> 
402-13, 429, 438, 439 
Codiolum, 154, 179. 37° i lacustre, 
153*I petrocelidis, i53*> *54 
Codiurn, 68, 402, 4°*- IO *> 4«*. 439i 
adhaerens, 409; Bursa, 409 , 4*°i 
eiongatum, 4**'. tsthmoeladum, 



INDEX OF CONTENTS 


Codium (cont.) 

4 ° 9 # S mucronatum , 409®, 412®; 
tomentosum , 71®, 408 et seq. # 
Codonosiga , 747, 755; Botrytis, 749* 
Codosiga, 747 

Coelastraceae, 166, 169, 174-8*, 179 
Coelastrum, 176, 177*. 178, 179, 181; 
proboscideum, 177*; reticulatum, 
*76, 177 *; sphaericum, 177* 
Coelenterata and Algae, 186, 189, 
6s8, 659, 704 
Coelomonas grandis, 721 
Coelosphaeridium, 398, 439; cyclo- 
crinophUum, 398® 

Coenobia, 95 et seq., x66 et seq. 
Coenocytic Algae, 21, 157, 368 et 
seq., 495 et seq. 

Coenogonium % 273 

Colacium, 26, 734, 741; arbuscula, 
733 # ; vesiculosum, 735 
Coleochaetaceae, 248, 249, 281-5, 
291 

Coleochaete, 20 51, 53, 72 , 249> 

291; divergent, 281, 282*; 
Nitellarum, 281 et seq.*; pulvinata, 
281 et seq.*; scutata, 281 et seq.* 
291; soluta, 281 
Collecting pusules, 670 
Collodictyon, 90, 137 
Colonial forms, 13, x6, 17; among 
Chloroccales, 159 et seq.; among 
Chrysophyceae, 524 et seq.; among 
Uesmids, 357-9; among Diatoms, 
001 et seq., 615; among Dino- 
phyceae, 683, 697; among Euglen- 
ineae, 734; among Volvocales, 95 
et seq.; among Xanthophyceae. 
474 . 49 i 

Coloration of water by Algae, 664 
724; see also water-flowers 
Colourless forms r, it, 13, i S , 26 , 

34 . 68, 745-56; among Chloro- 
coccales, 181, 185. 186; among 
Chloromonadineae, 721-3; among 
Chrysophyceae, 538-41; among 
Cryptophyceae, 657; among Dia¬ 
toms, 599; among Dinophyceae, 
005. 704; among Euglenineae, 
734 seq.; among Volvocales, 90 
471 among Xanthophyceae, 

Compound pyrenoids, 66, 596 
Conferva^ 491 
Congenital fusion, 20 
Conjugales, 43, 5 o, 60, 62, 63, 66, 

71. et seq., 310-68, 564, 642 

Conjugation, 310; in Desmids, 348- 
53 . 357 ; m Mesotaenioideae. iu 
3 * 5 ‘. in Zygnemoideae, 322-36 
Connecting bands, of Closterium, 
347 ; of Diatoms, 566, 612 




Conochaete , 287, 288, 291; comosa , 
288* 

ConradieUa , 515, 555; Pascheri , 517® 
Contractile vacuoles, 35-7, 326 
Cortvoluta roscoffensis % symbiosis, 186 
et seq. # 

Copelandosphaera % 105 
Copepoda and Algae, 688, 734 
Copromonas , 737; subtilis , 741 
Coralhna , 391, 406 
Corallinaceae, 11 
Corals and Algae, 659 
Corbierta , 81 

Corethron, 575. 607; 633. 637, 640; 

Valdiviae, 6o6*, 634* 

Corona, of Acetabularia, 393, 395; of 
Characeae, 460 

Cortex of Algae, 23, 24, 254; of 
Characeae, 451 

Coscinodiscus, 566, 578, 581. 590, 
608, on, 633 et seq.*, 640, 642; 
apiculatm, 636*; aster omphalus, 
57 ®. 581*; biconicus, 635; con- 
cirmus, 633 ; excentricus, 568* 
Cosmarieae, 348, 357, 362 
C osmanum, 337, 341 c t seq., 353 et 
seq. 362; biretum, 356*; botrytis, 
346 , 351 et seq.*; Brebissonii, 
343 » 3441 caclatum, 356*; con- 
tractum, 356*; cucumis, 344; dov- 
rense, 361 ■, fovea turn, 356*; Holmii, 
355 . 356 *; Meneghinii, 338*; 

™ ale j 343 *. 344 \ portianum, 356*; 
pseudopyramidatum, 343*; reni- 
Jorrme, 343*; salinum, 337; scabra- 
tulum, 356*; subcucumts, 344; sub- 

riWnm, 341*; tetraophthalmum, 

339*1 turgidum, 341* 

Cosngcladium, 359, 362; saxonicum. 

Costae (of Diatoms), 577 
Craspedodiscus, 578 
Craspedomonadaceae. 747, 7SS 

576 C , U 63 r o StagCS ( ° f D ^->* 575 . 

^p^sl 7 '' X78 * retro- 

Cruoria , 154 

,3 °' * 89 ’ 686 

7so * 755: Borr ‘ B > 75 X* 
g^p;° b ‘ ace ? e . 75 °. 755 

et Set *-> 6 59 et seq.; 
commutata, 6 SS*. Polychrysis, 653.’ 

Cryptococcaceae, 662 

659. 661, 662 

C 7 ?S * 732> i omeri- 

653 ’ P tgra ' 733 * 

cryptomonadaceae, 652-5, 657 662 
Cryptomonadales, 652-61, 66i?’ 7 i3 
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Cryptomonadineae, 662 
Cryptomonas, 12, 26, 652 et seq., 
659, 662; anomala, 653, 655*; 
coerulea , 653; compressa, 655*; 
ovata, 655*, 656* 

Cryptophyceae, 7, 11, 12, 26, 32, 
517 . 652-63, 670, 691, 713 
C tenocladus, 267 

Cultures, of Chlorococcales, 180 et 
seq.; of Diatoms, 598; of Euglen- 
ineae, 734 , 735 
Lusnion-torms, 21, 27 
Cuticle, 61 
Cutleria, 52 
Cutleriales, 20, 52 

Cyanomonas , 653, 659, 662; ameri- 
cana , 655* 

Cyanophyceae, 9; see Myxophyceae 
Cyathomonas , 653 et seq., 662; 

truncata, 656* 

Cyclonexis , 526, 527, 555; annularis, 
528* 

Cyclotella, 566, 607, 637, 640, 642; 
comta, 567*; planctonica, 603*; 
socialis, 605 

Cylindrocapsa, 72, 2IO-I2*, 226, 

309; involuta, 211* 
Cylindrocapsaceae, 226 
Cylindrocystis, 310 et seq., 362; 

Brebissonii, 312*, 314, 315* ; crajro, 
3»2*, 3 i 3 

Cylindrotheca , 565, 588, 641 ; gracilis, 

587* 

Cymatopleura, 631, 641 ; solea, 631 
Cymbella, 569, 570, 601, 603, 631, 

641; affinis, 31*; aspera, 595 *; 

cistula, 568*. 625*. 629; lanceolata, 
625*. 626, 629 

Cymbomonas, 78, 83, 137; adriatica, 
82* 

Cymopolia, 391, 393, 400, 401, 439; 
barbata, 390* 

Cyrtophora, 532, 555; pedicellata, 
533 * 

Cyrtophoraceae, 532etseq.*, 555, 753 
Cyrfococcur, 147, 183, 289 
Cystodinium, 26, 706, 708, 715; 

lunare, 706, 707*; phaseolus, 706, 
708 ; Steinii, 707*; unicorne, 707* 
Cystoflagellata, 691, 692 
Cysts, 1, 7. 4 i; of Chrysophyceae, 
509-11*. 514; of Dinoflagellata, 
701, 703; of Euglenineae, 740; of 
Volvocales, 95 
Cytokinesis, 71 

Cytoplasmic movements (of Chara- 
ceae), 453 

Dactyliosolen, SI 5 , 640 
Dactylococcus, 162, 179; bicaudatus, 
164*; infusionum, 176 


Dactylococcus-stage (of Scenedesmus), 
175 *. 176, 182 

Dactylopora, 399, 439; cylindracea, 
398 * 

Dangeardinella, 87, 91, 96, 97, 106, 
*09, 137; saltatrix, 86*. 96*. no*, 
118* 

Dasycladaceae, 11, 23, 27, 369, 
387-402, 411, 417, 419, 424, 439, 
465 

Dasycladeae, 393, 399 
Dasycladus, 43, 44, 387-9, 393, 401, 
4 ° 2 , 439 : clavaeformis, 387-9*; 
occidentalis, 389 

Debarya, 316, 327, 337, 362; ca/o- 
spora, 65; desmidioides, 321*. 322; 
Hardyi, 328* 

Decolorisation of algal cultures, 180, 
181 

Delesseriaceae, 23 

Dendroid colonies, 16, 26; among 
Chrysophyceae, 529 et seq.; among 
Euglenineae, 734; among Vol¬ 
vocales, 130-6; among Xantho- 
phyceae, 478-80 

Dendromonas, 540, 555; laxa, 539*; 
virgaria, 540* 

Denticula, 573, 575, 578, 587, 590 
625, 641; valida, 587*; Van 
heurcki, 577*. 623* 

Derbesia, 29, 65, 385-7, 439 J Lam- 
ourouxi, 386*; marina, 836*; 
neglecta, 68, 386*; tenuissima, 386*, 
387 

Derbesiaceae, 385-7, 439 
Derepyxis, 523, 524, 555; amphora, 
523*; dispar, 523* 

Desmarella, 747, 755; moniliformis, 

749 * 

Desmarestia, 24, 25*, 27 
Desmatractum, 151, 179; bipyra- 

midatum, 152* 

Desmidiaceae, 357, 362 
Desmidioideae, 337-61, 362 
Desmidium, -348, 351, 357 , 362; 
•' cylindricum, 351*, 359; Swartzu, 

35 I# > 358 * 

Desmid-plankton, 360 
Desmids, 38, 47, 62, 63, 69, 72, 206, 
310, 311, 316, 318, 329, 337 - 0 ** 
492, 642 . 

Desmocapsa, 672, 714; gelattnosa, 
67 I # 

Desmokontae, 668, 670—9, 682, 688 , 


Desmomastix , 671, 714; globosa , 67 1# 
Desmomonadaceae, 670, 671-3, 691, 


7 * 3 . 714 f 

Desmomonadales, 671-3, 7*4 
Diatoma , 578, 601, 604 
Diatomaceous earth, 511, 642 
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Diatomin, 598 

Diatoms, 564-651; see also Bacil- 
lariophyceae 

Die eras* 529, 555; Chodati, 528® 
Dic/iotomococcus , 166, 179; capitatus, 
165* 

Dichotomosiphon , 65®, 68, 428 et seq.; 

tuberous. 433 *. 437* 

Uickieia , 603 

Dicranochaete, 287, 291; britannica, 
287 ; reni/ormis, 286*. 287 
Dictyocha triacantha, 558 
Dictyochaceae, 556, 558 
Dictyococcus, 149, 1 79> 483; variant, 
I40* 

Dictyosphaeria, 4IS , 416*. 424, 439; 

Javuiosa, 4 i6 # ; van Bosseae, 416* 
Dictyosphaeriaceae, 160, 163 et seq., 

V" - f>ictyosphaerium, 38, 72, 163 et seq., 
.*79 \ pulchellum, 66, 165* 

Die ty ota, 38 
Dictyotales, 24, 4 i, 52 
Dtdymochrysis, 15; paradoxa, i S « 
Didymosporangium, 260, 264, 291 • 
repens, 259• 

Diffuse growth, 19, 23 
Digitella, 399, 439 
Dikontan, 32 
Dtmastigamoeba , 752 
Dimorpha , 29, 75 *, 754 i mutans, 
. 74 ® 

Dimorphism of Centrales, 639 
Dimorphococciis, 166, 179; lunatus , 
165* 

Dimorphosiphon , 4x0, 439 
Dinamoeba , 704 

Dinamo ebidi um* 26, 704-6, 714- 

various, jos* ^’ 

Dinas tridium* 708, 715 
Dinobryon, 16, S 2 3 , 529-31*. 532. 

54 Q» 555 . 643; balticum , 529; 
eoalescens, 530; cylindricum , 531 # ; 
divergens t 534; marchicum, 523®; 
Sertulana , 530, 53,*; Utriculus , 
530 . 53 i # 

Dinocapsaceae, 714 
Dinocapsineae, 700, 714 
Dinocloniaceae, 715 
Dinocloniutn , 20, 26, 7x1, 7 ,r. 

Conradi, j 12 .• 

Dinococcaceae, 715 
Dinococcales, 706-9. 713. 7«5 
Dinonagellata, 35, 669, 675, 680- 
706, 708. 713, 714 
Dinokontae, 670, 679-712, 713, 714 
Dinophyceae, 8. 11, , 3 , 26. 3I| 

5S8 ’ 6 «. 653. 658, 

Dinophysiaceae, 714 
Dinophysiales, 664, 674-9, 680, 7I4 
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Dinophysis , 675, 714; acuta, 6j6 m ; 
miles, 6 jj*\ recurva, 677®; rotun- 
data, 695®; Schiittii , 677® 
Dinothrix, 18, 26, 709, 711, 715; 

paradoxa, 712® 

Dinotrichaceae, 715 
Dinotrichales, 709 et seq., 713, 715 
Dioecious, 43, 47 
Diplobiontic Florideae, 52, 53 
Diplodinium, 709 

Diploid forms, 49, 52, 119, 307; 
among Chlorococcales, 155, 157, 
179; among Cladophorales, 242; 
among Siphonales, 401, 411, 424 
Diploneis , 584; ovalis, 583® 

Diplopora, 399, 439; phanerospora, 
398 # , 399 

Diplopsalis, 694. 714; lenticula, 

693 # 

Dtplosiga, 747, 755 ; Francei, 748® 
Diplostgopsis , 747, 755 
Dxplostauron , no 
Diplozoa, 15 
Discoid types, 20, 27 
Discoideae, 608, 640 
Discospharra, 519, ss5 

Dispersal, 40. 73; among Desmids. 
360 

Dispora, 290 

Dusodimum, 709, 715 ; / unu /a, 7 ,o« 
Distephanum octonarium, 556; r6«r u - 
**""• 556 , 557* 

Disngma, 737, 740, 74I ; pro/^r, 

753 , 755 

Distomatineae, 15, 746. 7<a 
Division of labou S r , . 7 I 4 9 , , 2 7 o^ 54 I 09 ; 

D ^j”7 6 r ds ’ 66 ’ 67 '« 

D °^ ,Ve " trality * 8 * 79 . 87. 652 et 

seq. , among Diatoms, 569, C70 

Double.ndividuals, l 5 », 746?— zygo¬ 
spores (of Conjugales), 3 , 4 , 35 ,, 

DraparnaUia, 20, 21. 24. 27. 74. 249. 
253 et seq., 290. 291; baicaleruis, 
2 54 » glomerata, 253 et seo # - 
plumosa ;. 2 5 3 # ; w//om, 354 q * * 
Draparnaldtopus, 20, 2j, 24, 27, 74 

frontU 54 ’ 2901 2 91, 4471 
frontispiece, 253*, 254 

Uumontia, 23 ; mcrai, a / a , 22 « 

Dunali'lla 78, 85 et seq., 109. 1IQ 

137 ; 50 /,nu. 86*. 92*. ,.o« 9 ‘ 

“ 30? 305* 3o8 <0f »• 

Dyrmorphococcus, 88, 137; vanabilis, 

vt na ‘ 558: tr ‘P arl ‘ta, 557» 

Ebriaceae, 558, 692 
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Ecballocyslis, 134 et seq., 160; 
courtallensis, 135*; Fritschii, 135* ; 
ramosa, 135*; simplex, 135* 
Ecballocystopsis, 136, 137 
Echinochrysis, 550, 556; Chodati, 
549 # 

Echinoderms and Algae, 188 
Ectocarpales, 20, 23, 46, 50, 52, 54, 
200, 466 

Ectocarpus, io*, 24, 27, 43*; coni- 
ferus, io # ; siliculosus, 44, 48* 
Elakatothrix , 128, 137, 290; gela- 
tinosa, 127* 

Elementary species, 182, 183, 188, 
208 

Embryology of Characeae, 461-3 
Encapsuled forms, 13, 26; among 
Chrysophyceae, 523 et seq.; among 
Euglenineae, 732, 734; among 
Volvocales, 88, 89 
Encyonema, 603 

Endochloridion, 483, 503 ; polychloron, 
482* 

Endoclonium, 253 et seq., 291 
Endoderma, 25*. 258, 260, 264, 273, 
291; Cladophorae, 259*; flustrae , 
260; Wittrockii, 258, 259* 
Endophytes, 24, 25, 154-8*. 191, 
281 

Endophyton, 2.70, 291 ; ramosum, 269* 
Endosphaera, 155 
Endospores (of Myxophyceae), 41 
Endosporic Dasycladaceae, 399 
Enteromorpha, 19, 27, 155, 212 et 
seq.*, 226; clathrata, 216; com¬ 
pressor 65*, 66, 212; intestinalis, 
48*, 214 et seq.*; Lima, 214; 
procera, 214 
Entocladia, 258 
Entodictyon, 258 

Entomosigma, 672, 689, 691, 714; 
peridinioides, 690* 

Entosiphon, 724, 731, 738, 741; 

sulcatum, 737* 

Ephydatia, symbiosis with Algae, 
267 

Epichrysis, 488, 548, 556; paludosa, 
549 # 

Epiphytes, 13, 18, 21,24, 319; among 
Chaetophoraceae, 258 et seq; 
among Diatoms, 601 ; on leaves, 

273. 278 

Epipyxis, 524, 540 
Epitheca (of Diatoms), 566 
Epithemia, 573, 575 . 578 , 583. 5 « 7 . 
601, 625, 641; alpestris, 576*; 
argus, 576*. 587*; Hyndmanm, 

579*; zebra, 623* 

Epithemioideae, 570, 587, 588, 641 
Epivalve (of Dinophyceae), 675, 680, 
692, 694 


Erectae, 262, 263, 291 
Eremosphaera, 63, 71, 149, | 79; 

viridis, 149, 150* 
Eremosphaeraceae, 179 
Ernodesmis, 417, 424, 439; verticil- 
lata, 416*, 417 
Erythrocladia, 20, 22*, 27 
Erythropsis, 685, 686, 691, 714; 

comuta, 684*, 686 
Espera, 406 
Euastridium, 355 

Euastropsis, 166, 167, 169, 179; 

Richteri, 168* 

Eu <*strum, 337, 344, 355, 357, 362; 
didelta, 347®; elegans, 351 9 ; ver - 
rucosum, 342 

Eucampia, 607; balaustium, 639; 

zodiacus, 606* 

Euconjugatae, 3**~37, 361, 362 
Eudorina, 30*, 47, 97, 101, 106, 109, 
114 et seq., 137; elegans, 99*. 100, 
114*. 116, 1 * 8*; illinoiensis, 99*, 
101, 106, 108, 115 ; indica, 101 
Eudorinella, 101 

Euglena, 12, 32, 33, 40, 724 et seq., 
740, 741; acus, 726*. 735; agilis, 
731; chlamydophora, 734, 739*, 
740; deses, 725 et seq., 735, 739*; 
Ehrenbergii, 729*; gracilis, 729, 
73i. 735. 739*. 740; granulata, 
728*; Klebsii, 735; limosa, 724; 
mucifera, 729*; oblortga, 725; 
oxyuris, 726*; pisciformis, 729*, 
735; polymorpha, 726*; pyrum, 
727 ; quartana, 735 ; sanguinea, 724, 
727 et seq.*, 740; Spirogyra, 725, 
726*; terricola, 733*. 734; triptens, 
735; telata, 728*; viridis, 724 et 
seq.*, 739* 

Euglenaceae, 725, 73*“4. 735. 74* 
Euglenamorplia, 735 
Euglenineae, 4, 8, 26, 31 et seq., 669, 

723. 7*4-44 
Euglenophyta, 11 
Euglenopsis, 133 
Eugongrosira, 267 

Eunotia, 577, 585. 601, 613*, 627, 
640; americana, 586*; didyma, 
567*. 615; epithemioides, 586*; 
formica, 614; lunaris, 585, 638; 
pectinalis, 613*. 616 \robusta, 586 ; 
serpentina, 577 
Eunotiaceae, 585, 640 
Eunotioideae, 640, 641 
Eupodiscus argus, 578 
Euspongilla and Algae, 188, 189 
Eutreptia, 724. 725. 73°. 73*. 74°. 

741; viridis, 726* 

Evection, 234, 251 
Evolution, 3, 12, 27, 53.01. 75. *47. 
198; among Dasycladaceae, 399“ 
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Evolution (coni.): 

401; among Desmids, 353-7; 
among Diatoms, 641-3; among 
Dinophyceae, 679, 688, 691, 713; 
among Valoniaceae, 424 
Exuviaella , 665, 673, 674, 714; com- 
press a, 673®; marina , 673*. 674 
Eye-spot, 33-5 ; of Euglenineae, 730; 
in colourless Flagellata, 745 


False branching (of Myxophyceae), 
9,11 # , 19; — nodules (of Diatoms), 
570 

Fat, 37, 68, 90, 273, 429, 599 
Female cell, see Ovum 
Femandinella , X74, 179 
Fertilisation, 47, 73; in Characeae, 
460 

Filamentous habit, 17-20, 26; among 
Chlorophyceae, 198 et seq.; among 
Chrysophyceae, 550 et seq.; among 
Dinophyceae, 709 et seq. ; among 
Xanthophyceae, 491 et seq.; origin 
of, 18, 198 

Flabellaria, 404, 439; petiolata, 404 
Flagella and flagellar apparatus, 3, 
29-32*; in Characeae, 458; in 
Chrysophyceae, 511; in Crvpto- 
phyceae 6 S 2, 653; in Derbesia, 
307; «n Dinophyceae. 665, 682; in 
Euglenineae, 724, 725, 729 et seq.; 
in Uedogomum, 301 ; in Volvocales. 
79 

Flagellata, 1-4, 8, 745-56 
r lagellate organisation, 1, 2 
F orideae, 23, 154 
rlondean starch, 9, 1i*, 655 
Fluorescence (in Diatoms), 593 
Foliose forms, 19, 23, 27 
rolltcn/arta, 374. 439; paradoxalis, 
37i* 

Foramimfera and Algae, 186 
Forehella perforans, 271 
Fossil Algae, n, 28; Charales, 465; 
Chrysophyceae, 511, 519, ss 8; 
Codiaceae, 410, 411; Dasvclada- 
ceae, 387, 397-401; Diatoms, 642 
bragilana, 570, 595, 601, 638, 640; 
crotonensis, 606* 617; tlliptica, 

Fragilarioideae, 583, 620, 640 
fragmentation, 38, 199; i n Zygne- 
moideac, 320—2 

Franceia, X59. 179 ; oralis, 161* 
tntschiella, 253, 290, 291; tuberosa, 

25I # 

Frustule (of Diatoms), 566 

584 585, 603. 64.; 

rhomboides , 583® 

Fucales, 23, 24, 52 

rucosan-vesicles, 9, IO *. 492 


Fucoxanthin, 8, 598 

Fucus, 25*. 30*. 33, 38, 46, 49*. 51 

Fungi, 186, 439 

Fur cellar ia t 23 

Fur cilia, 90, 137, 754; lobosa , 86 # , 90 
Furrows (of Dinophyceae), 675, 680 

Gamelamoeba , 26, 91, 137 
Gametes, 43-51 
Gametophvte, 49®, 51, 52 
Gayella polyrhiza, 218, 219® 
Gelatinisation of membranes, 16, 62, 
94 

Geminella , 206, 226, 493; interrupta , 
206, 207®; mutabilis , 207* 
Generalised mutation, 183 
Genicularia , 316, 322, 337, 362; 
elegans , 317* 

Genotypic sex-determination, 44,. 
327 

Geochrysis , 544, 556; turfosa , 545* 
Geographical distribution of Des¬ 
mids, 360 

Geosiphon , 498, 503 ; pyriforme , 500® 
Germination of zygote, see under 
Zygote 

Girdle, of Diatoms, 566, 614; of 
Dinoflagcllata, 675, 680, 692 
Girdle-bands (of Desmids), 348 
Glaucocystis , 179, 186; nostochine - 
arum , 185* 

Glaucosphaera , 186 
Glenodiniaceae, 696, 714 
Glenodinium , 43 \ 696. 701, 714; 
cine turn, 666*. 681*. 693*; emar- 
gtnatum, 703*; foliaceum, 664; 
Lommcku , 703® 

Gloeochaete, 124, 125, 137; Wittrock- 
tana, 124* 

Gloeochloris, 474, 503 
Gloeoclirysis, 542, 556; pyrenigera, 
54 3 

Gloeococcus mucosas , 126 
Gloeocyslis 1 25, ,28, 137; Xaege- 
liana, 126*; vesiculosa, 125 
Gloeodmnon, 26, 665, 700. 714- 
niontannni, 700* ’ 

G/oeotaenium, 160, 179; Lotties- 

bergertanum, 160, i6i % 162* 

207« /r7 ’ 2 ° 6, 2081 226: P rot °Senita, 

Golenkinia, 149 

Gomontia, 266, 270, 271. 291- 

Aegogropilne, 271. 272 •; co<lioli'- 
Jeni 2 7 i ; perforom, 271. 272*; 
Polyrlnzo, 27,, 272*. 426 
Oomontieae, 270-3. 280, 291 

2 a' 569 - 5 7 °* 595 . 601, 
603,626,629, 64 1 ; capitation, 6 1 1 » • 

constriction, boo*; elegans, S 7l*- 

gemmation, 625*. 629/630; o/it o^ 
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Gomphonema (cont.): 

C J* un L' ^ 33 *; pan'tilum, 595*. 596, 
013 , 614, 624 et seq. # ; ventri- 
cosum, 569* 

Gonatob/aste, 258, 291 ; rostrata, 259* 
Gonntonema, 316, 335; ventricosum, 
33 °* 

Conatozycaceae, 320, 337, 362 
Gonatozygon, 322, 337, 362 
G ongrosira, 249, 266, 267, 280, 291; 
circmnata, 268*; codiolifero, 271- 
Debaryaria,z68*-, Scourfieldii, 267! 
spongophila, 267; stagna/is, 268*; 
terricola, 266 

G ongrosira -stages (of Voucher io) 
433.435 

Gongrosireae, 266-70, 273. 280, 281, 

291 . 

Gonidia, of Lichens, 128, 147, 183, 

J «4, 273, 278; of Volvocales, 105. 
106 

Gonimoblasts, n*. S i et seq. 

G ontodoma, 696, 714; acuminatum, 
695 • 

Goniodomaceae, 714 
Goniochloris, 484 , 486, 503; sculpta, 

, 4^5 

Gonium , 34, 95, 97 , IO o, 106, 109, 
jj 3 # et seq., 137 \ pectorale, 97, 98®, 

Gonyaulaceae, 714 
Gowyaw/tf*, 680, 694 et seq., 701, 
7*4 • fragihs , 681 • ; series, 697 ; 
spinifera, 693® 

G%«yoj/wji/w, 721 ; semen, 722 # 
Grammatophora , 575, 596, 601, 622, 
640; marina , 596, 597®, 621*; 

maxima , 574*; serpentina , 574*, 
6oo # 

Graphidaceae, 273 

Green cells of animals, 186-9; — 
snow, 163 

Growing point, 19, 20; of Charales, 
448 et seq.; of Cladophorales, 234 
Growth, 19, 20; of Diatoms, 614-17 
Gullet, of Cryptomonadales, 652, 
657» 659; of Peranemaceae, 738 
Gymnastica , 725, 731, 741; elegans , 
726* 

Gymnodiniaceae, 683 et seq., 691, 
696, 7 * 3 . 714 

Gymnodinioidcae, 558, 680, 683-91, 

7 *4 

Gymnodtmum , 26, 664, 667, 668, 
682 et seq., 701, 704, 706, 708, 
714; aeruginosum , 668, 681 • ; 

coeruleum , 668 ; heterostriatum , 

702• ; hiemale , 681 •; lunula , 709; 
parity dermaticum, 681 • 

Gymnocy^tf, 348, 362; Brebissonii, 
358 # ; moniliformis , 358* 


Gyrodtmum, 680 et seq., 706, 714- 
bruannica, 668; fucorum, 669; 
hyalmum, 704, 705*; spirale, 681* 
Gyrogomtes, 465; medicaginula, 464* 
Gyroporella, 399, 439; vesiculifera, 
398 * 

Gyrosigma, 570, 578, 641; acumina- 
turn, 611 # ; attenuatum , 569® 

Haematochrome, 33, 50, 68, 84, 127, 
273 

Haematococcus, 83, 137; see Sfe/iae- 
rella 

Hairs, 20, 249, 251 
Halichondria and Algae, 419 
Halicoryne , 393, 439; spicata , 392*; 
IVrightn , 392* 

Halicystis, 63, 373, 374, 424> 439; 
ov/ilis, 372 # 

Halimeda, 406, 410 et seq., 439; 
incrassata, 407®; Opuntia , 407*; 
Tuna, 406, 407® 

Halosphaera, 481 et seq., 502, 503; 

viridis, 481, 482® 

Halosphacraceae, 481-4, 503 
Hansgirgia, 278 

Hantzschia, 572, 573, 588, 641; 

amphioxys , 569®, 587®, 598 
Haplobiontic Florideae, 51 
Haplodinium, 672, 674, 691, 713, 
714; antjoliense, 671• 

Haploid forms, 51, 53 
Haplopappus, 519, 555 
Haplostichous Ectocarpales, 23 
Haptera, 19, 24; see also Attaching 
cells 

Harpochytrium, 501, 503; Hedinii , 
501 •; Hyalothecae, 501 # ; viride , 

SOi # 

Harveyella, 27 
Hautwarze, 79 
Heliozoa, 752 
Helminthogloea, 476, 503 
Hemiaulus , 605, 640; regina, 603® 
Hemidinium, 664, 680, 682, 696, 704, 
713, 714; nasutum, 681 # 
Hermesinum, 558 
Herpetomonas, 750 
Heterocapsa, 664, 668, 714 
Heterocapsaceae, 503 
Heterocapsineae, 474 “ 8 , 5°3 
Heterochloridaceae, 47 <>“ 3 » 499 . 5°3 
Heterochloridales, 470-81, 503, 723 
Heterochlorineae, 47 a_ 3 . 5°3 
Heterochloris , 13, 26, 471, 473 . 5 ° 3 » 
534. 538; mutabilis , 47 * # 
Heterochromosomes, 241, 242 
Heterocloniaccae, 493 . 5°3 
Heterococcales, 470, 474, 481-91, 

499 . 503 . 548 
Heterococcus, 493. 5°3 
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Heterocysts, 11 • 

Heterodendrineae, 478-80, 503 
Heterodendron, 493, 495, 503 ; squar- 
rosum, 495* 

Heterogamy, 46, 141; see also 

Anisogamy 

Heterokontae, 4, 5, 470-506; see 
Xanthophyceae 

Heterolagynion, 541, 556; Oedogonii, 
540* 

Heteromorphic alternation, 52, 53 
Heleronema, 724, 730. 731, 738, 741 ; 
acus, 737* 

Heterorhizidaceae, 503 
Heterorhizidineae, 480, 503 
Heterosiphonales, 470, 495-8, 503 
Heterothallism, 43 
Heterothallus, 274, 278 
Heterothrix, 493, 503; exilis, 491* 
Heterotrichales 470, 491-5, 503, 555 
Heterotrichous habit, 20, 22*. 23, 26, 
27; in Chaetophorales, 248 et seq. • 
in Chrysophyceae, 554; in Clado- 
phorales, 245, 246; in Dino- 

phyceae, 711 

Heterotrophic nutrition, 90, 180, 
'81,499. 538 et seq., 598, 657, 704] 
734 et seq. 

Hexam,tus, 753, 755; fi ssus> 75 ,«. 
inflatus , 751 • 

Higher plants in relation to Algae, 2, 
Tjh 7S iL 29 °s 447 

tUldenbrandia , 21, 22 # , 27, 260, 554 
Hillea, 655, 662; fusiformis, 655* 
Himantidium , 585, 601 
Hof mania, 174, 179; Lauterborni, 

» 75 # 

Holdfasts, 20, 40; see also Attaching 
cells 6 

Hologamy, 109, 661 
Holomastigaceae, 753, 754 
Molophytic nutrition, 1 
Holozoic nutrition, 1, 7, 8, 13, 26, 
40,45, 91, 746 et seq.; in Chry¬ 
sophyceae, 524. 532.534.536; in 
v-ryptophyceae, 657, 658; in 

Uinophyceae, 668,704; in Eugle- 
nineae, 737 e t seq. 
tlomoeocladia, 603 

Homologous alternation, 52, 53, 216, 
241. 

Hormtdium, 40, 42*, 199, 205, 206, 
226, 257; flaccidum, 202*. 205, 
206; miens, 205; rivulare, 202* 
205,209 

Horrnisei a* ", S ta ge (of Pr «»ola), 217 

Hormogones, 38 

Hormospora, 206 

Homiosporites, 206 

Hormotila, 137; mucigena, 131*. X36 


Hyaliella, 90, 137 

Hyalobryon, 530, 555, 643; mucicola, 
531*; ramosum, 530, 531*; Voigtii, 
53i* 

Hyalogonium, 90, 137; acus, 82* 
Hyaloraphidium, 179, 185 
Hy ala theca, 345, 351, 353, 35Q> 362; 
dissiltens, 65*. 34 o«, 351*, 353, 
354 ; mucosa, 346* 

Hybrids among Algae, 50, 51; in 
Charales, 461; in Chlamydomonas, 
120*; in Zygnemoideae, 336 
Hydra viridis and Algae. 186 et seq. 
Hydrodictyaceae, 151, 166-73, 179 
Hydrodictyon, 44, 45, 63, 65, 69, 166, 
I 7 *~ 3 # . 178, 179; africanum, 170*, 
> 7 i. 173; indicum, 171; reticulatum, 
170 et seq. # 

Hydrogen-ion concentration and re¬ 
production, 40, 49, 303, 322 
Hydruraceae, 546, 556 
Hydrurus, 476, 508, 546-8*. 556; 

foelidus, 511 *. 546, 547* 
Hymenomonas, 517, 521. 555 ; roseola, 
518* 

Hyphae, 24 

Hypnodinium, 26, 708, 715; sphaeri- 
cum , 707® 

Hypnomonas, 147, 179; chlorococ- 
coides , 148* 

Hypnospores, 41 
Hypotheca (of Diatoms), 566 
HypovMve (of Dinoflagellata), 675, 
68o, 692 


Incrustation, with carbonate of lime, 
62, 254, 267, 359, 387 et seq., 429,’ 

455 . 495 . 5 > 9 . 54 6 ; with iron, 62, 
. 8». 339, 341 
lneffigiata, 476 
Infusoria, 15, 36, 186 
Intercalary bands, of Diatoms, 573- 
5 . 612; of Dinoflagellata, 694 
Intercalary growth, 20, 24 
Intercingular area (of Dinoflagellata), 

68O 

Internal valves (of Diatoms), 577 
Inversion of coenobia (in Volvocales), 
106—8 # 

Iodine (in Chlorophyceae), 60 
Isochrysidaceae, 524 
Isochrysideae, 5! 2, 517, 526, 555 
Isogamy, 43-6 

Isokontae, 4, 5, 60 et seq.; see 
nlorophyceae 

Isomorphic alternation, 52, 53, 216, 

Isthmia, 569, 640 ; enervis, 568* • 
nervosa, 578, 581* 

Itvanojffia, 253 et seq.. 290, 291- 
terrestris, 256* 
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Janetosphaera, 105 
Jenningsia, 737 
Juvenile stages, 53, 54; in Charales, 

46l 

Keel (of Diatoms), 571. 587, 588 
Kelps, 23 

Kentrosphaera y 157 
Kieselguhr, 642 
Kinetonucleus, 31, 750 
Kirchneriella , 162, 163, 179; lunaris, 

l64 # 

Klebsiella , 734; alligata , 733* 
Kolkwitziella, 692, 714; salebrosa, 
693* 

Kolkwitzielloideae, 714 

Lagerheimia, 159, 160, 179; ciliata, 
i6i # 

Lagyniacev. 556 

Lagynion, 524, 533, 536, 541, 556 
Lagynophora , 465 ; hburmca , 464* 
Lamblia , 754 
Laminaria , 25® 

Laminariales, 23, 24, 52 
Laminarin, 9 

Lamprothamnium , 456, 460, 466; 

papulosum , 455* 

Lateral conjugation, 326, 327 
Latex, parasites in, 750 
Leathesia , 23 
Lemanea , 27 

Lens (of eye-spot), 34, 35 
Lepochromonadaceae, 555 
Lepocinclis , 725, 727, 731, 740, 741; 

ovum , 727 # 

Leptodiscus , 691, 714 
Leptomonas , 750, 755; Davidi , 751® 
Leptosira , 267, 270, 291 ; Mediciana , 
269* 

Letterstedtia , 212, 213, 226; insignis , 
2 I 5 # 

Lcucocyanin, 598 
Leucoplasts, 68, 669 
Leucosin, 7, 37, 38, 508, 599 
Leukochrysis , 15*. 26, 540*, 541, 556 
Leuvenia , 503; natans , 474, 475® 
Liagora tetrasporifera , 53 
Lib el! us constrict us , 63 1 
Lichen-gonidia, 128, 147, 183, 184, 
273 . 278 

Licmophora , 569, 573, 601, 605®, 607, 
640; Ehrenbergii , 579* ; flabellata % 
600 # ; gracilis , 574 # ; Jiirgensii , 

579 # ; Lyngbyei , 574* 

Lite-cycle of Algae, 51—4 
Light and reproduction, 40, 47 
Light-perception, 34, 35 
Lithophytcs, 24 
Litosiphon , 23; pusillus , 22® 
Lobomonas, 83, no, 137 ; rostrata, 82® 


Lochmium, 270, 291; piluliferum, 
269 # 

Lola , 241 

Longitudinal division, i, 2, 18; 

— furrow (of Dinoflagellata), 675' 
Loose-lving forms, 214, 238, 415 
Lutherella , 488, 503 ; adhaerens , 487® 
Lychnothamnus , 451, 466 


Macrandrous Oedogoniaceae, 303, 
308 

Macrocystis , 24 

Male cells, 46; see also Spermato- 
zoids 

Malleochloris , 130, 137; sessilis, 131® 
Mallomonadaceae, 515 et seq.®, 524, 
555 

Mallomonas , 511, 515, 521, 534, 541, 
555; akrokomos , 521; apochro - 
matica, 517®, 538; elongata , 516®; 
Helvetica , 516*; litomesa , 517®; 
longiseta , 517®; mirabilis , 511®, 
5 X 7 # ; producta , 517®; pyriformis , 
508 

Manubrium (of Charales), 456 
Marthea , 174, 179; tetras 9 175® 
XIassartia 9 683 

Mastigamoeba , 30®, 750, 752, 754; 

invertens y 748®; spicata , 748* 
Mastigella , 752, 754 
Mastigosphaera , 101, 137; Gofru, 98® 
Mastogloia , 575, 641; exigua, 57 6# ; 

Smithiiy 576* 

Mechanical tissues, 24 
Medusochlorisy 78, 85, 88, 137, 682; 

.p/iitf/e, 86 # 
i\Iegastoma 9 754 

Meiosis, 44, 51-3. 72, 73 ! in Clado- 
phorales, 241, 242; in Diatoms, 
629; in Ochrosphaeray 523 
Melanosome (of ocelli), 685 
Xlelosira , 565, 578, 595, 60I, 607, 
619, 620, 635, 638 et seq.; 

arenaria , 594®, 603®, 612 et seq.®, 
619, 620, 636®, 637; baicalensisy 
617; hyperborean 639®; islandtca, 
617, 620; italica 9 620; Jurgensn , 
6oo®, 618®, 619; nummuloideSy 

618 et seq.®; Roeseana , 595 ; 

undulata, 581®; varians 9 600 , 
6i8®, 619, 633, 636® 

Xlenoidium 9 730, 731, 737 * 74 °. 74 1 '* 
incurvuniy 737 # . . 

Meridiony 578, 595. 640; circulare 9 
577, 594®, 602® 

\Ieringosphaera 9 481, 4 ® 4 . 480, 5 ° 2 » 
503 ; mediterranean 485®, 480 
Merillosphaera t 104, 105 
Ii 1 erismopedia 9 ii® # 

Mesocenay 556; crenulata , 557 
Mesostigma % 655 
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Mesotaeniaceae, 311-16, 341, 361, 
362 

Mesotaenioideae, 311-16, 355, 359 
et seq. 

Mesotaenium , 310 et seq., 362; 

caldariorum, 316; chlamydosporum > 
315*; De Greyi, 312®; macrococ - 
cum, 3 * 2# ; purpureum , 316; violas- 
cens, 316 
Metaboly, 12 

Metachromatin granules, 37, 38 
Micractinium , 149, 159, 179; rarft'a- 
fum, 150* 

— Microsterias, 62, 337, 241, 355, 357, 
360, 362; cmx melt tens is, 340*; 
denticulata , 340* ; mahabuleshwa - 
rensis, 356® 

Mic roc odium , 411 

Microdictyon, 422, 423* 424, 439; 
Agardhianum, 422, 423®; CWo- 
dictyon, 423®; Kraussii , 423® 
Microglena, 514, 515. S2I> S55; 
cordiformis , 516*, 521 \ovum, Si6 # ; 
punctifera , 516® 

Micromutations, 183 
Microspora , 61, 65, 72, 2o8-io # , 226, 
3 °°. 345 . 49 *. 5°2; amoena , 208, 
2 ° 9 # ; floccosa , 209 # ; stagnorum , 
7 ° # » 209 # ; tumidula , 209®, 210; 
Willeana , 210 

Microsporaceae, 208-xo, 226 
Microsporales, 208 
Microspores, of Centrales, 633-8, 
641; of Pennales, 638 
Microt/iamnion , 262, 264, 281, 291; 

Kiitzingianum, 263* 
Microzoospores, of Chaetophoraceae, 
? 55 ; of (Jlothrix, 203, 204 
Mischococcaceae, 478-80, 503 
Mischococcus, 26, 478-80, 503; con- 
Jcrvicola, 478, 479® 

Mitochondria, 37, 71® 

Mizzia, 399, 439 
Mollusca and Algae, 271, 426 
Monadaceae. 538 et seq., 555, 745 
et seq., 754 

Monas, 13, 26, 509, 538 et seq., 555, 
754 : sociabilis, 540; vulgaris, 539* 
Monoblepharidaceae, 439 
Monocilia, 472 *. . 493, 495, 503; 

simplex, 495*; vindis, 495* 
Monodus, 484, 503;. subterraneus, 

\i S • 

Alonoecious, 44, 47 
Monomastix, 655 ; opisthostigma, 656* 
Alonoraphideae, 570, 585, 640 
A/o/tori*a, 747 , 7551 fusiformis, 748* 
Monoslroma, 2x2 et seq., 226; 
bullosum, 214, 215*; membrana- 
ceum, 215* 

Mosquito-larvae and Algae, 447 
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Mosses, symbiosis with Algae, 184 
Motile colonies, 13, 16, 26; among 
Chrysophyceae, 524 et seq.; among 
colourless Flagellata, 747, 749; 
among Dinophyceae, 683, 697; 
among Volvocales, 95 et seq. 
Motile unicellular forms, 12, 26 
Mougeotia, 316 et seq., 323, 324, 329, 
33 *. 334 et seq., 362; adnata, 331 ; 
calcarea, 330*; capucina, 330*; 
oedogonioides, 330*. 331; scalaris, 
3 i 7 # . 33 °*; femur, 330*. 331 
Mougeotiaceae, 337, 362; conjuga r 
tion, 329-33 

Mouth-band (of Monadaceae), 541 
Movements, of chloroplasts and 
chromatophores, 63, 149, 318, 381, 
596; of cytoplasm of Characeae, 
453 ; of Desmids, 342 ; of Diatoms, 
590-3 i of unicellular forms and 
swarmers, 32; of Volvocales, 35; 
of Zygnemoideae, 323 
Mucilage, 16; in Chlorophyceae, 62, 
162, 174. _ 3 > 9 ‘, in Desmids, 341, 
342; in Diatoms, 601 et seq. 
Mucilage-pores, 62; of Desmids, 
34 1 , 342; of Diatoms, 578, 601, 
605, 607 

Multiaxial construction, 23, 27, 402 
Multicilia, 753, 754; lacustris, 748*. 
753 ; palustris, 753 

Multinucleate forms, 69, 229 et seq., 
368 et seq., 495 et seq. 

A Junella, 149, 179 
Mussels and Algae, 186, 188, 189 
Mutation, 53, 183, 699 
Myacanthococcus, 185 ; cellaris, 185* 
Mycoidea parasitica, 280 
Mycotetraedron, 179, 185; cellar e, 
« 8 S* 

Myrionema ambpimnsis, symbiosis 
with Algae, 187* 

Myurococcus, 185 
Myxochaete, 260 
Myxochloridaceae, 503 
Myxochloris, 499, 503; sphagnicola, 
500* 

Myxochrysis, 26, 536, 538. 556; 

paradoxa , 537* 

Myxonema , 251 

Myxophyceae, 2 et seq., 9, I9 , 26, 
37 et seq, 43, 124, 186, 409, 599 

Myxophyta, 11 

Naegeliella, 544. 546. 556 ; britannica, 

S 4 S* \ flagdhfera, 544, S45 * 

Naegehellaceae, 544-6*. 55& 
iNaked forms, 12; among Volvocales, 

^ 85—8 

Nannandrous Oedogoniaceac, 307 
Nannoplankton, 83 
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Navicula , 584, 595, 596, 603, 625, 
641; ampkisbaena , 631, 633*; 

cuspidata, 577*. 595 «, 5Q9; Gre- 
002*; mutica, 579*; oblonga , 
597 *. 599 ; ostrearia, 599; semi- 
nuliim, 595*, 616, 627, 629*, 630 
Naviculaceae, 577, 595, 596, 603, 612 
Naviculoideae, 573, 575, 583 et seq., 

. 591 . 593 . 641 

Negative strains (in isogamous 
Algae), 44 
A Jemalion, 23, 27 
Nemalionales, 51 et seq., 284 
Nematochrysidaceae, 556 
Nematochrysis , 19, 26, 550-2*, 556; 

sessilis , 551* 

Nematocysts, 684, 685 
Nematodinium , 684, 685, 686, 714; 
armatum , 684* 

Nematoparenchymatous forms, 20 
Neomereae, 393 

Neomeris, 389-91*. 393 . 397 . 400, 
4 QI . 439 ; onnulata, 389, 390*; 
dumetosa, 390*; Kelleri, 391 
Neofiema, 493, 503 
Nephroc/iloris, 473, 503; incerta, 

472* 

Nephrocytium, 160, 179; Agard- 

hianttm, i6i # ; ecdysiscepanum, 160, 

I 62* 

Nephroselmidaccae, 657, 662, 713 
Nephroselmis , 657, 662; olivacea , 

656*, 657 
Nereocystis , 24 

Netrium , 66, 311 et seq., 362; 

digitus , 312*. 315* 

Nitella , 447, 451, 456, 460, 461, 466; 
batrachosperma , 448* ; cernua; 448 ; 
ftexilis , 455 et seq. # ; gracilis, 450*; 
hyalina , 452; opaoz, 449, 463; 
subtilissima , 459*; syncarpa , 449, 
45 ° # 

Nitelleae, 465, 466 
Nitellopsis , 466; obtusa , 464* 

Nitsschia , 572, 577, 588, 590, 593 
et seq., 601, 603, 641, 642; 

Closterium, 616; commutata , 571*; 
fonticola , 625*, 626, 633*; granu¬ 
late, 587* ; leucosigma , 599 ; linearis , 
615; longissima , 588; obtusa , 577*; 
polea , 565, 571 # , 598 ; putrida, 599, 
616; scalaris , 588; sigma , 588; S7£- 
7 tioidea , 5991 subtilis , 625, 627, 
629; Tryblionelta , 587*, 588; 

vitrea , 638 

Nitzschioideae, 571, 587 et seq., 596, 

641 

Noctiluca , 686, 691, 692, 714; 

scintillans , 690*, 692 
Noctilucaceae, 714 
Nostoc, 498 
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Nuclear division, 29; in Charales, 
453 ; Chlorophyceae, 71, 72; in 
Chrysophyceae, 508, 509; i n 

Diatoms, 609 et seq.; in Dino- 
phyceae, 669; in Euglenineae, 
73 °» 73 1 I in Vaucheria , 429; 
in Zygnemoideae, 319 
Nuclear spindle, 17, 29, 70*. 71, 72 
Nucleolus, 28, 69, 71 
Nucleus, 28; of Charales, 453; of 
Chlorophyceae, 69-72 ; of Chryso¬ 
phyceae, 508; of Cryptophyceae, 
653 ; of Diatoms, 593, 609; of 
Dinophyceae, 669; of Euglen¬ 
ineae, 730; of Zygnemoideae, 318 

Oblique division, 18 
Ocelli, 35, 685 
Ochlochaete , 260, 264, 291 
Ochromonadaceae, 515, 524, 526, 
527 , 555 

Ochromonadeae, 512, 515, 527, 529, 

538 , 540, 555 . 661 
Ochromonas , 473, 511*, 515, 517, 

520, 528*, 529, 532 . 534 . 538 . 54 C 
555. 643; crenata , 511*, 515; 
granularis , 509, 513*; granulosa , 
538; mutabilis , 510*, 513*; perlata , 
511 # ; sociata , 517 

Ochrosphaera , 508, 509, 519, 523, 
556; neapolitana , 510*, 511 # , 519* 
Octogoniella , 151, 179; sphagnicola , 

I52# . • 
Octomitus , 753 et seq.; intestinalis , 

754 

Oedoc/adium , 296, 297, 300 et seq., 
309 ; Hazenii , 303 ; protonerna , 

297*, 302 et seq.* 

Oedogoniaceae, 296-310 
Oedogoniales, 60, 62, 72 et seq., 
296-310 

Ocdogonium , 29 et seq.*, '39. 4 °. 43 # » 
49*, 70*. 71, 212, 296 et seq., 348, 
493 ; americanum , 305 ; Borisianum , 
299*, 305 ; Boscii, 49 # . 3 ° 4 # » 3 ° 6 * I 
Braunii , 304*; capillare, 301, 302 , 
307; concatenatum , 297*, 3 ° 2# » 
304*; cyathigerum, 304*; diplan- 
drum , 308; Kurzn , 303, 3 ° 6 # ! 
lautumniarum , 297*; nodulosum , 

304*; plagiostomum , 307; pluviale , 
306*; rufescens , 302*; tumidulurn\ 
299*; undulaturn , 189; zigzag , 3°4 
Oicomonadaceafc, 540, 555, 74 *>. 747 . 
754 ' 

Oicomonas , 540, 746, 747 . 7545 . ^* 5 “ 
cara/a, 748*; ocellata, 747 ; 

539 # . 747 . 748 # ; 539 

Oil, see fat . . 

Oligochaetophora , 287, 291; simplex, 
286* 



Oltmannsiella, 96, 101, 
lineata, ioo # 

Onroiyrja, 21, 27 
Onychonema, 362 ; filiforme, 340® 
Oocardium, 359 * 362; stratum, 359* 
161 
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submarina , 160, i6i # 

Oodinium, 686, 714; Poucheti, 686, 
687* 

43 . 45 . 46 . 47 

Oogonium, 46, 49 «; of Characeae, 
459 . 460; of Coleochaete, 283; of 
Oedogoniales, 305; of Sphaero- 
plea, 222; of Vaucheria, 435, 
436 

Oomycetes, 411, 439 
Oospore, 49 ; of Coleochaete, 284 
Ophiocytiaceae, 488 et seq., 503 
Ophtocytium, 43 », 488 et seq.«, 503, 
6 43 ; arouseula, 489* ; bicuspidatum, 
4 ° 9 "; cochleare, 489* ; majus, 489* ; 
vanabde, 489* 

Ophiurids and Algae, 128. 189 
Ophrydium versatile, 186 
Ornithocercus, 675, 677. 714; magni¬ 
fiers, 678* 

Oscillatoriaceae, 157 

Osmotic pressure of algal sap, 63 

Ostreobium, 426, 428, 439 

Ottoma, 732, 741; caudata, 733* 

Outer nucleus, 28, 69 

Ovuhtes, 411, 439 ; margaritula, 409* ; 

pynfornus, 409* 

Ovum, 46, 47 

Oxyrrhis, 665, 669, 689. 691. 714; 

manna, 665, 666* 669, 690* 
Oysters and Diatoms, 599 

Palaeochara, 465 

Pa la eodasycladus, 399, 439; mediter- 
raneus, 400® 

Palaeonitella, 465 ; Cranii, 464* 
Palaeophalacroma, 679, 714; verru- 
cosum, 679* 

p a Jb, e ,° PO n ella ' 4IO > 439 
Palati,itlla, 532. 555 

PalmeUa-stages 16, 4,; among 

Chaetophorales, 257; among Ulo¬ 
trichales, 204; among Volvocales, 
92 *. 94 

5 ^ e !i a - 1 ae ; 12,1 ,2 5 - 8 . * 37 . 290 
Palmelloid forms, 15, 26; among 

Chrysophyceae. 541 et seq.; among 

Cryptophyceae. 659; among Dino- 

pnyceae, 672, 700; among Volvo¬ 


cales, 121 et seq.; among Xantho- 
phyceae, 474 et seq. 
Palmodactylon, 125 
Palmodictyon, 125, 137 \varium, 126* 
Palmophyllum, 125, 129, 137; cras- 
sum, 126* 

Pandorina, 26. 46, 49*. 97-100, 
109 et seq., 137; ,norum, 97, 98*. 
** 4 # 

Pantostomatineae, 541, 746, 750-3, 
754 

Paradmium, 26, 688, 704, 714 • 

Poucheti, 687* 

Parallelism, 26-8, 353. 357, 369, 40, 
Paramaecium and Algae. 37, 186, 188 ; 

bur sana, 188 
Paramylon, 8, 33, 727 
Parapolytoma, 90, 137 
Parasitic forms. 8, 27; among 

Chaetophorales, 278, 280; among 
Chlorococcales, 157, 189; among 
colourless Flagellata, 750; among 
Dinophyceae, 686 et seq.; among 

Euglemneae, 735 , 7371 among 
Siphonales, 426-8 

Parenchymatous forms, 19, 23, 27; 

among Ulotrichales, 212 et seq 
Parietal chloroplasts, 63 
Parmelia, 148, 183 
Parmeliaceae, 183, 184 
Parthenogenesis, 50; in Charales. 
4 < )o ; in Cladophorales, 242; in 
Desmids, 352 353; i n Diatoms. 
93i; «n Oedogoniales, 309; in 
Protosiphon, 370; in Ulotrichales. 
2°4, 212, 216; in Vaucheria, 418; 
in Volvocales, n6; in Zygne- 
moideae, 335 

Pascherella, 542. 556; Ysercnsis, 543* 
Paschenella, 102, 137 J 

Paulsenella , 686, 714 

Pearsoniella, 201. 202. 205. 226; 
variabilis, 202 • 

Pediastrum , 166, 167-9®, 173 17. 

178, 179; Boryanum, 167, i68®* 

^ 8# * i6 9 I duplex, 

i68«; tetras, 167, i68» 

Pedtnella, 532. 555 ; hexacostata, 532 
Pedogamy, 629 

Pelagocystis, 503 ; oceanica, 474, 477 . 
Pelagorhynchus, 689 4 477 

Pcltigera, . 128, 183 
Penicillus, 404. 406. 409. 4 u, 4,3, 

439 ! capital,is, 407*; mediter- 
raneus , 406 
Penieae, 357, 362 

Pen,urn, 7 i, 337, 34I et seq g 
353 et seq., 362; didymocarpum 
352 I Polymorphism, 339*; spirostri'- 
olatum, 339*. 348 
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Pennales (Pennate Diatoms), 7, 569, 
573 et seq., 581, 583, 593 et seq. # 
605, 608 et seq., 616, 617, 638 et 
seq.; auxospore-formation, 620- 
3 i 

Peranema , 731, 737, 738, 740, 741 
Peranemaceae, 724, 725, 737, 738, 
74 i 

Perception of light, 34, 35 
Perforating Algae, 271, 273 
Peridiniaceae, 694, 696, 714 
Peridinieae, 4, 8, 36, 362, 664-720 
Peridinin, 668 

Peridinioideae, 682, 692-9, 714 
Peridinium , 664, 668, 682, 694-6, 
f >97 » 701, 714; anglicum , 693*, 
703*; bipes, 694; Borgei , 703; 
auction, 68i # , 693®, 703*; diver- 
gens , 695®; ovatum , 695*, 703*; 
Steinii , 667*; tabulation, 702*; 
umbonatum, 666®, 668 
Periodicity, 182, 697, 724 
Periplast, 12, 91 
Peristome (of Bicoecaceae), 749 
Perizonium, 617, 630 
Perone, 499, 5°3 

Peronia, 585, 640; ermacea, 587* 
Peroniaccae, 640 

Peroniella , 486, 503 ; curvipes, 487* 
Peronosporaceae, 439 
Pervalvar axis (of Diatoms), 566 
Pctalomonas , 738, 741; mediocanel - 
lata, 737* 

Petrocelis, 154 

Phacumonas, 473, 503, 655 ; pelagica, 
472 *. 473 

Phacotaceae, 88, 89*, 91, 93, 137, 
732 

Phacotus , 13, 26, 88, 137; /en/f- 
cularis, 88, 89* 

Phacus, 12, 725, 727, 730, 732, 740, 
741 ; anomala, 727* ; caw ala, 729* ; 
costata, 725; longiconda, 726*; 

pleuronectes, 724. 726*, 729*. 735 
Phaeocapsa paludosa, 548 
Phaeocapsaceae, 662 
Phaeocapsineae, 659-61, 662 
Phaeococcus, 26, 659 et seq.; adnatus, 
661; dementi, 554, 659, 66o # ; 
marinas, 659 

P/iaeocystis, 16, 542, 556; Poucheti, 
S 43 # 

Phaeodactylon, 607 
Phaendermatium, 26, 55 2- 4 . 55 ^ I 

rivulare, 553 # 

Phaeogloea, 542, 556 
Phaeophyceae, 4, 8, 9, 12, 20, 23, 
26 et seq., 33. 39 . 43 . 4 <>. 47 . 52 , 
53, 74. 217. 249. 266, 309 . 549 , 
564. 598. 657, 661 
Phaeophyll, 598 


Phaeophyta, 11 

Phaeoplaca, 554, 556 

Phaeoplax, 659, 661, 662; marinus, 
66o® 

Phaeosomes, 677 

Phaeosphaera, 542, 556; gelatinosa, 
543 * 

Phaeothamnion, 19, 495, 550, 552, 
556; Borzianum, 55 i m , 553*; con- 
fervicolum, 551*. 552; polychrysis, 
552 

Phaeothamnionaceae, 556 

Phalacroma, 667*. 675, 679, 699, 714; 
mitra, 676*; rotnndatum, 676*; 
vastum, 677• 

Phalansterium, 747, 755; digitatum, 
749 * 

Phenotypic sex-determination, 44, 
327 

Phosphorescent Algae, 664, 674, 709 

Photoperceptor (of Euglenineae), 37, 
730 

Photosynthetic pigments, of Bacil- 
lariophyceae, 598; of Chloromona- 
dineae, 721 ; of Chlorophyceae, 68, 
69; of Chrysophyceae, 508; of 
Cryptophyceae, 653; of Dino- 
phyceae, 668; of Xanthophyceae, 


471 . 

Photosynthetic products, of Bacil- 

lariophyceae, 599; of Chloro¬ 
phyceae, 67 et seq.; of Chryso¬ 
phyceae, 508; of Cryptophyceae, 
653; of Dinophyceae, 668; of 
Xanthophyceae, 471 et seq. 
Phototaxis, 34, 35, 40, 46, 203, 216, 

255 . 59<\664 
Phycochrysin, 5, 508 
Phycocyanin, 9, 69, 668 
Phycoerythrin, 9, 69 
Phycomycetes, 498 
Phycopeltis , 278, 291 ; epiphyton , 278, 
279 # ; expansa , 278 
Phycoporphyrin, 316, 3x8 
Phycopyrrin, 668 

Phyllobium, 157 , * 79 ; dimorphism , 
49 # , 157, 158 •; sp/iagnicolutn, 157, 
i 58 # 

Phyllocardium, 50, 85, 109, I 37 » 
complanation , 86 # , iio # 
Phxllodinium , 696 

P/iyl/omitus , 657, 754 *, amylophagus , 
656* 

Phyliomonas , 83,113, 137 \ striata, i n 
Phyllosiphon , 27, 426-8®, 439 \ ***ri- 
sari , 427* 

Phyllosiphonaceae, 426-8, 439 
Phylloxanthin, 668 

Physocytium , 95 , * 37 ; confervicola , 
93 * 

Physolinum , 278, 291 
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Physomonas, 538 et seq., 555; 
vestita, 540® 

Phytodimum, 709, 715; simplex , 710* 
Phytomonas , 750 

Phytomorula, 178, 179; regularis, 177® 
Phytophysa, 426, 428, 439; Treubii , 
4 2 7 # 

Piaea, 401, 465 

Pigmentosa (of eye-spot), 33 et seq. 
Pigments, see Photosynthetic pig¬ 
ments 
Pi/a, 478 

Pilinia , 253 et seq., 291 ; maritima, 
256® 

Pinnularia, 566, 569, 570, 577, 579*. 
583 . 584 . 588, 595, 596, 599, 641; 
Dcbtsix , 603® ; major , 594*; socialis , 
6oo # , 601; streptoraphe, 582®; 
yinJij, 567®, 579®, 582®, 591®, 
63633® 

Pithophora, 231 et seq., 239; rftfimi, 
237 # ; kewensis, 240® 

Placochrysis , 554. 556 

Placoderm Desmids, 310, 311, 337- 

61 

Plakea-stage (of Volvocales), 106 
Plankton, 8, 60, 78, 130, 147, 159, 

16a. 167.473.481.484.507.558; 

Desmids, 360; -— Diatoms, 564, 
601, 606-8; — Dinophyceae, 664, 
67s, 699, 709 

Pkmktoniella, 608, 640; Sol, 6o6®, 
607, 614 

Planophtla , 191; asymmetrica, 190® 
Plasma-membrane, 12, 33, 39, 63 
Flasmodesmae, 9, n®, 23, 32, 63, 99, 
102 


Plasmodial forms, 26; among Chryso 
phyceae, 536; among Dinophy 
ceae, 688; among Volvocales, 111 
among Xanthophyceae, 499 
Plastidomes, 37 
Platychloris, 83, 137 
Platychrysis, 534, 556; pigra, 535* 
rlQlydonna, ioi, 137 \ caudata, 100 
65 *' 83 ' I37! tetratheU 

Plcodorina, 15, 97, IOS et seq., 114 
1 > b > 137; California2, 1 oo*. 1 o 1 
115; minoiensis, 101; indica, 101 
Plcromtmas, 672, 673, 713, 7>4 
erosa, 671* 

• i 257 . 270, 290, 291 
insigne, 269* 

Pleurocapsa, 27 

Plturochloris, 483, 503; commutata 
482* 

Pleurococcaceae, 17, 128, 289 et seq 
Pleurococcus, 38, 62. 72, 186, 28* 
et seq.; Naegelii, 288*. 289' 

vulgaris, 289, 290 


Pleurodiscus, 318 

Pleurosigma, 578, 581, 595 et seq., 
641; balticum, 579®; giganteum, 
595 # . 596; Spenceri, 595® 
Pleurotaemum, 337, 344, 345, 355, 
362 

Plurilocular sporangia (of Phaeo- 
phyceae), 9, io®, 266 
Pocillomonas, 88, 137; flos aquae, 
86 ® 

Podolampaceae, 714 
Podolampas , 699, 714; bipes , 700® 
Polar nodules (of Diatoms), 570, 583, 
584; — pyrenoids, 68 
Polarity, 16, 97 . 99 . 238, 377, 385 
Polyblepharidaceae, 85-8*. 90, 91, 
95 . 94 . 97 . *09, no # , 137 
Polyblep ha rides, 85, 87, 137; singu- 
laris, 86* 

Polykrikaceae, 714 
Polykrikos, 26, 665, 683 et seq., 697, 
714 ; Kofoidi, 684* 

Polymorphism, i8t 
Polyphysa, 393 
Polysiphonia, 11 •, 24, 155 
Polytoma, 13, 26. 30*, 31, 68, 90, 93, 
> 37 . 745 ; uvella, ii2 # , 119 
Polytomtlla, 71, 90, 109, 137; agilis, 
86 * 

Pontosphaera, 555; Huxleyi, 518*; 

nigra, 518*; stagnicola, 521 
Pore-organs (of Desmids), 341, 342 
Pores, of Desmids, 62, 341 ; of 
Diatoms, 578 et seq.; of Dino- 
flagellata, 694 

Porochloris, 123, 124, 137; tetragona, 

>24* 

Poroids, of Diatoms, 578, 581; of 
Dinophyceae, 667 
Porphyra, 19, 23. 27, 220 
Positive strains (in isogamous Algae), 
44 . 

Postcingular plates (of Dinoflagel- 
lata), 695 
Posterior, 12 
Pouchetia, 685 

Prasinocladus, 16, 26, 6s # , 68, 133, 
* 34 . >37 ; lubricus, 133*; subsalsa, 
> 33 * 

Pras 10la, 62, 63, 217-20, 290; crispa, 
218, 219*; fluviatilis, 218; fur- 
furacea, 218, 219 •\japonica, 218; 
mexicana, 220; stipitata, 218 
Prasiolaceae, 226, 290 
Prasiolineae, 74, 217-20, 226 
Precingular plates (of DinoHagel- 
lata), 694 

Prevalvate stage (of Dinoflagellata), 
696. 703 • 

Pntmcorallina, 399, 439; trentonensis, 
398 * 
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Pringsheirnia, 258, 260, 264, 291; 
scutata , 261* 

Products of photosynthesis, see 
Photosynthetic products 
Pronoctiluca , 689, 714; pelagica , 

690 *; tentaculatum, 690* 
Pronoctilucaceae, 689, 691, 714 
Prorocentraceae, 673-4, 675, 679, 714 
Prorocentrum , 674, 679, 714; micans , 
673 *; rostratum , 673*, 674 
Prostratae, 258-62, 291 
Protein-bodies, 65, 66, 318, 375, 386, 
4 2 9 > 455 ; — synthesis, 180 
Proterythropsis , 686, 714 
Protoceratiaceae, 714 
Protoceratium , 694, 714; reticulatum , 
693 * 

Protochlorinae, 655, 661 
Protochrysis , 657, 662, 713; phaeo- 
phycearum > 656* 

Protococcales,. 145; see Chlorococ- 
cales 

Protococcus , 145, 289; viridis , 289 
Protoderma , 27, 258, 262, 264, 291; 

viride , 261* 

Protodinifer , 689 

Protomastigineae, 31, 90, 538, 657, 
746 - 50 , 754 

Protonema (of Charales), 54, 461-3 
Protophyta, 2-4 

Protoplasmic connections, see Plas- 
mocJesmae 

Protosiphon , 44, 45, 154, 369, 370, 
373 » 4 * 4 . 439 , 495 ; botryoides , 370, 
37 1 # 

Protosiphonaceae, 369, 370-4, 413, 
439 

Prototheca , 179, 185; nioriformis , 

i85 # 

Protozoa, 1, 2, 36 
Proivazekia , 749 
Prymnesiaccae, 555 
Prymnesieae, 512, 555 
Prymnesium. 520, 555; saltans , 520® 
Pseudagloe , 01 
Pseudendoclonium , 270, 291 
Pseudobryopsis , 377, 439; myura , 

377 # 

Pseudocilia, 121 et seq. # , 287, 478, 
546 

Pseudocodium , 410, 439 
Pseudodichotomosiphon , 428, 429, 436, 
439 

Pseudodictyon , 270, 291 
Pseudomallomonas , 515, 555 
Pseudoparenchymatous forms, 21 et 
seq•, 27 

Pseudopleurococcus , 270 
Pseudopodia, 12 

Pseudopringsheimia , 21, 27, 260, 264, 
291, 554; confluens , 259* 


Pseudo-raphe (of Diatoms), 570, 573 
Pseudotetraedron , 481, 486, 503; 

neglectum , 485* 

Pseudotetraspora , 128, 137, 290; 

marina , 127® 

Pseudulvella , 260, 264, 291; amen- 
ctfrttf, 261*; consociata , 260 
PteridomonaSy 752, 754 
PteromonaSy 88, 137; angulosa t 84*; 

Takedanay 89® 

Pteropoda and Algae, 686 
Pterosperma Joergenseniiy 549® 
Pterospermaceae, 550, 556 
Punctae (of Diatoms), 577 
Punctariay 19, 27 

Pusules (of Dinophyceae), 36, 669, 
670 

Pyramidochrysisy 514, 555; splendens 9 
5 * 3 # . 

PyramimonaSy 30®, 85, 87, 91, 109, 
137; delicatuluSy 86®, 92 # ; mon- 
tanay 66; tetrarhynchus y 86® 
Pyreno-crystal, 66 
Pyrenoids, of Chlorophyceae, 65-8, 
181, 344; of Chrysophyceae, 508; 
of Cryptophyceae, 653; of Dia¬ 
toms, 596; of Dinophyceae, 668; 
of Euglenineae, 727, 729 
PyrocystiSy 709, 715; lunula , 709; 

Noctilucay 709, 7io # 

Pyrrhophyta, 11, 670, 713 
Pyrrophyll, 668 
Pyxisporay 316 

Quadrigulay 163, 179; closterioides , 
164* 


Rtfci'6orr£t>//tf, 96, 97, 106, 113, 119, 

137; uroglenoideSy 96® 

Rtft/iocorcur, 159, 162, iyg ; nimbatus , 
i6i # 

R adiofilum , 206, 226; apiculatum 9 
207®; flavescensy 207® 

Radiolaria and Algae, 558, 658, 692, 
706 

Rtf//ritf, 21, 22®, 27, 260 
Rtf mi tf^i/tr and Algae, 189 
Raphe (of Diatoms), 570, 5 * 3 - 9 ° 
Raphidioideae, 585, 640, 641 
Rtf/>/nV/omontfr, 721 
R aphidonemay 163, 262, 263, 291; 
nivaUy 263® 

Receptive spot, 47 . _ 

Reckertiay 723; sagitttfera , 7 22 
Red Algae, 9; see also Rhodo- 

phyceae ,, 

Red Rust of Tea, 280;—snow, 95,664 

Reduction division, see Meiosis 
Reduction of chromatophores, 13, 
735 ; in Chrysophyceae, 538, 54 *; 
in Diatoms, 598; in Volvocales, 90 
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Reinschia, 478 

Relative sexuality, 44, 327, 402 
Replicate septa (of Spirogyra), 320, 
322 

Resting stages, 41, 49; of Diatoms, 
638, 639; see also Akinetes, 

Hypnospores 

R/iabdonema, 573, 575, 640, 643; 
adriaticum , 574 # , 620, 621*; arcu- 
atum, 574*, 596, 597*. 620 et seq. - 
RJiabdoporella, 398, 439; pachyderma, 
398 * 

Rhabdosphaera, 519, 555 
Rhaphidium, 162 

RJtipidodiendron , 755 ; splendidum, 750 
Rhipidodesmis , 402, 404, 439; caespi- 
tosa, 403 • 

Riupilia, 404, 439; tomentosa, 403* 
RJiipoc ephalus , 406, 439; phoenix, 

407 # 

Rhizaster, 481, 536, 556; crinoides, 
537 # 


Rhizochloris, 26, 499, 503; mirabilis 
500* 

Rhizochrysidaceae, 556 

D L ' I ^ ^ • 5 * 532 - 8 , 556 

Rntzochrysis, 509, 51I - , 534, 541, 

556; crassipes, 534. 535*; Sc/ier- 

S 35 # 

Khizoclomutn , 231 et seq., 241: 
hieroglyphicum , 231 # , 233*; /w6ri- 
fww. 241 ; riparium , 231 
Rhizodinineae, 704-6, 714 
Rhizoids, of Charales, 452; see also 
Attaching cells 

Rhizolekane , 480, 499, 503; sessilis , 
477 # 

Rhizomastigaceae, 29, 471, 750, 752, 
754 

Rhizomastigineae, 746 
Rhizoplast, 29, 31 
Rhizopoda, 36, 538, 706 
Rhizopodia, 13 

Rhizopodial forms, 13 ; among Chry- 
sophyceae, 534 et seq. ; among 
Dinophyceae, 704; among Xan- 
thophyceae, 499 et seq. 
Riitzosolenia, 575, 593, 607, 608, 614, 
019, 638, 640; enensis, 577*; hebe- 
lalo 639; longisela, 597V morsa, 

w ,„ 39 * ; styliformis, 577*. 633 
Witzothallus , 278, 291 

Rhodoehytrium, 27, >57, 158, 179; 
spilanthidis , 158® 

Rhodomonas , 652, 653, 662; faftica, 
pft- 6 SS # 

Knodophyceae, 3, 4, 9, i 2 , 20, 23, 
2ft et seq., ai, 46, 47, 51, 74, 2I7 , 
249, 2 6o, 369 
Rhodophyta, 11 
Rhodoplax , 127, 137 


Rhoicosphenia , 603, 629, 630, 640; 
* curvata , 627, 629 
Rhomboidal plate (of Dinoflagellata), 
695 

Rhopalodia , 570, 587, 641; gibba, 
569®, 622, 623*; vermicularis , 

57 I# 

Rhyncliomonas , 31, 749, 755; nasuta , 
75 « # . 

Richteriella , 149 
Rivulariaceae, 20 

Rotation of protoplast during divi¬ 
sion, 18, 93. 154 . 1 57 * 55 1 
Rotifers and Algae, 130 

3 ** et seq., 362; cambrica , 

3I2 # 

Rutilaria , 640 
Rutilarioideae, 640 

Saccoderm Desmids, 310, 311-16 
Sack-pusules, 669 

Sagittal axis (of Diatoms), 569; 
— plane, 569 

Salpingoeca , 747, 755; vagi ni cola, 
748* 

Salt-marshes, Algae of, 199, 214, 
507. 564..724 

Sand-inhabiting forms, 664, 665 
Saprophytes, 1,8, 13,78, 102; among 
Chlorococcales, 180 et seq.; among 
Euglenineae, 73s 

Sard nochry sis , 548, 556; marina , 

^ 549 * 

Scalariform conjugation, 323-6 
Sceletonema , 595, 605, 608, 614, 620, 
640; cos tat uni , 602®, 605 
Scenedesmus , 174-**, 178 et seq.; 
acuminatus , 175*; acutus , 65, 180, 
502; brasiliensis , 175*; obliquus , 
175 et seq. # , 182; quadricauda. 
I 75 # . 176, 188 

Sellerffelta, 83, 137; p/iacus, 8z # 
Schilleriella t 486 

Schizochlamys , 122, 123, 129, 137; 

gelatinosa, 122, 124* 

Schizodinium, 686, 714 
Schizogonium , 218, 219* 

Schizotneris, 201, 202, 205, 226; 

Leibletmi, 201, 202* 

Schizonema, 155, 603 ; Grevillei, 602* 

Sciadtum , 491 

Scinaia, 23 ; fur cel lata, 22* 

Scotiella, 151, 179; antarctica, 152* 
Scourfieldia, 12, 83, 137; complanata, 
•82* 

Scyphosphaera , 519, 555 
Scytomonas , 730, 731, 737, 738, 741 ; 

pus ilia, 7 39 # , 741 * 
beytonema , n® 

Scytosiphon , 23 
Sea Lettuce, 212 
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Segregative division, 2 43, 413 et seq., 
424 

Selenastraceae, 162, 163, 179 
Selenastrum , 162, 179; IVestii , 164* 
Sennia, 657, 662; commutata , 656* 
Septa, in Algae generally, 17, 18, 61 ; 

in Diatoms, 573—5 
Setae, 249, 287 
Sex determination, 44, 327 
Sexual organs, 46, 47 
Sexual reproduction, 43-51 # ; con¬ 
ditions of, 47, 49 

Sexual reproduction, of Aphano - 
chaete , 264; of Botrydium , 498 ; of 
Bryopsis , 375* 377 ; of Caulerpa , 
383 et seq.; of Chaetonema , 266; 
of Chaetophoraceae, 255, 257; of 
Charales, 455-61 ; of Chlamydo- 
monadineae, 109-16; of Clado- 
phoraceae, 241, 242; of Codium , 
411 ; of Coleochaete , 283-5; of 
Colourless Flagellata, 746; of 
Cylindrocapsa , 2x1, 212; of Dasy- 
cladus , 401 ; of Desmidioideae, 

348 et seq.; of Dinobryon , 530; of 
Dinophyceae, 703, 704, 708; of 
Euglenineae, 740; of Hydrodicty- 
aceae, 173; of Mesotaenioideae, 
314-15; of Noctiluca , 692; of 
Oedogoniales, 303-7; of Pennales, 
622-9; °f Sphaeroplea , 222-4; °f 
Tetrasporn , 129; of Tribonema , 

493 ; of Ulothrix , 204; of Ulvaceae, 
214, 216 ; of Vaucheriaceae, 434-8; 
of Zygnemoideae, 322-36 
Sexual secretions, 44, 45 
Sexual strains, 43 et seq., 119 
Silicoflagellata, 556-8* 

Silver lines (of Flagellate forms), 32, 
725 

Siphon (of Peranemaceae), 737, 738 
Siphonales, 21, 23, 43, 52, 60 et seq., 
68, 69, 72 et seq., 179. 220, 224, 
225, 229, 242 et seq., 368-446 
Siphoneous habit, 21, 26; among 
Chlorophyceae, 368-439; among 
Xanthophyceae, 495 et seq. 
Siphonocladiaceae, 243 
Siphonocladus , 417* 4 X 8 # , 424* 439 ; 
pusillus , 417, 4»9 # ; tropicus , 417, 

4 ! 9 # 

Sirogonium, 316, 3 1 ** 33 *. 333 » 337 > 
362; sticticum, 332* 

Skadovskiella, 524, 526, 555; sphag- 
nicola, 525* „ ^ . „ 

Skeletal strands (of Caulerpa ), 302, 
383 

Snails and Algae, 186, 271 
Snow-Algae, 151, 263, 3>6, 664 
Soil-Algae, 78, > 45 , > 5 S. >»o, 181, 
266, 493, 495 . $ 44 . 5 6 4 


Solenoideae, 575, 608, 640 
Solorina, 128, 183; saccata, 183 
Sorastrum, 166, 169, X70, 178, 179; 
americanum, 170*; spinulosum, 169, 
170* 

Space-parasites, 25, 154-7, 186 
Spermatia, 47, 49* 

Spermatozoids, 32, 33, 46, 47, 49 «; 
of Charales, 458; of Oedogoniales, 
303 ; of Vaucheria, 437 
Spermatozopsis, 85, 87, 137; exultans, 
86 * 

Sphacelaria, 10*, 24 
Sphacelariales, 19, 21 et seq., 29 
Sphaerella, 30*. 41, 63, 68, 78, 83 et 
seq.*, 93 . 95 . n°. « 27 *. Butschlii, 
83, 84*; droebakensis, 84*, 112*; 
lacustris , 83, 84* 

Sphaerellaceae, 83-5, 95, 102, 105, 
>37 

Sphaerellopsis, 85, 137; fluviatilis, 

82* 

Sphaerocudium, 411 
Sphaerocyslis, 125, 126, 129, 137; 

Schroeteri, 125 et seq.* 
Sphaeroeca, 747, 755; Volvox, 748* 
Sphaeroplea, 46, 63, 72, 220-6; 
africana, 221 et seq.*; annulina, 
221 *, 224, 225 ; tenuis, 223 et seq.*; 
Wilmani, 223* 

Sphaeropleaceae, 226 
Sphaeropleineae, 74, 220-6 
Sphaerosiphon, 374, 439 
Sphaerozosma, 351, 357, 359 . 3 62 1 
vertebratum, 358* 

Spheromes, 37 

Spirogonium, 81, 83, 1371 chloro- 
gonioides, 82* 

Spirogyra, 19, 28, 44, 49 et seq., 66, 
69, 70*. 316 et seq., 327. 3 2 9 . 333 
et seq., 348, 362; adnata, 3 if l 
affinis, 326; calospora, 334 . coll, ‘ 
gala, 321*. 322, 328*. 3 ? 9 ; 

fluviatilis, 317*. 336 ; groenlandica, 
335; Hassallii, 325*; longata, 321 
et seq.*, 334* 1 majuscula, 317 . 
319. 333. 3351 maxima, 71 . 326; 
mirabilis, 319. 332 *. 3351 neglecta, 
334*; nitida, 321*. 322; or/Ao- 
spira, 322; setiformis, 65*, 3 2 5 ! 
Spretiana, 327; tenuissima, 326; 
varians, 65*. 317 *. 3 2 5 # . 332 , 
335; WV&m, 65*. 321*. 325* 
Spirotaenia, 310 et seq.; condensala, 
311 et seq. # ; obscura, 312 
Spondylomorum, 101, io . 2 , > 37 ^. 

caudaturn, 106 ; quatemanum, too 

Spondylosium, 35 >. 357 . 362; 

Spong’es 5 and Algae. 186, 189, 231, 
267, 526 
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Spongomorpha , 231 et seq.; coalita , 
237*; vernalis, 237* 

Sporangia, 39; of Trentrpolilia, 276; 

of I'nucheria f 431, 432 
Sporodadns , 270, 291 ; frag tits, 269* 
Spoiophyte, 52, 53 
Starch-sheath (of pyrenoitls), 66-8; 

— >tars (o! C'haralcs), 465 
Statoliths. 345, 455 

Stap rastruM; 33&> 3-14. 353. 355. 3^o, 
— nnatbtum, 339* ; Die hid t 331 

354*; Kjclmanni, 65*; l:i no turn, 
341* *. MotiftIdtii , 343 * ; mulUunt, 
; Pv htdofvrrigcram, 64®, 340*; 
’fifHtdufn, 344; / urgescrns, 356* 
SV/w rogcnia , 174 

, 584. 64 J 

Stanros (of Oiatoms), 584 
Stent*»t Qlul Algae. 186 t*t seq. 
Sttphunodixiis, 607, 040, 642; Han- 
tzschii, O06*. 61 7 

Stephannknutue, joS; see Ocdo- 
goniules 

S ftp htt noon, ioi, 137; Asktnasii, 9c)* 
Shtphanopteru* 137 
Step/tauopyxis, 605, 640. 642 
Stephdnotpfmerit, 95, 102, iit, 113, 
l 7 . mo, 137; pltsruulis, 84*, 11S* 
Stichoccrcus, ‘199. 207, 208. 226; 

bar ill arts 1 207 •, 208 
S tig eve Ionium , 22*. 24 et seq., h6, 
205, 248, 251 et seq., 291 ; 

aestnale, 231 •; atnoenum, 251*. 

253: farclum. 251*, 2^3. 25^ # ; 
fascicular? % 253; longspit tun, 255; 
lubricant, 251*; pro Un sunt, 251*; 
/'•"*/*. 25 i*, *56* 

Stigma, 33-5, 94; sec also Eye-spot 
Stipi lococc it %, 480, 499, 503; Ixmtci - 
hotnei, 479*; UrCtolalus > 4?9\ 480; 
|No 

StokcsieUa , 540, 555; •'pipyxss, 539* 
Stoffiatorlirvori, 278. 291 
Strehtmiema , 25* 

Striae (of Dia(orns), 5(19, ^77 
•S/rtVi/cZ/n, 596, 64c; utnpunctnia, 597 ♦ 
St rial ion of cell-wall, f>i 
Strigu/fi co/nphntata, 278. 280 
Stroma-starch, 67, 68 * 

Struvea, 417 et seq *. .,.4, 43 , ); 
, «™Homo(,n,s. 420* ; tietjuns, 420* 

O , , V °"’ **°- 555; Abbott,,, s ; „- 
Sly loci,mum, 70 y. 715 tfi lobou,nt, 710* 
Slylosphaeririiiiiii, 130, 137; stibita- 
tum . 131* 

Sulcus (of Dinollai'cliuta), 67.;, (.80 
SunrAla, 573. 577 . <88-00. S<J3 , s 6> 

^w ' eq o’ 6 ‘ 7 * 62, »- Mi. 

liuuljtfkn, 580*,^ 5'>o; zulcaruta, 

f-tiprmn, 572*. =.■>«»». Ooo, 

'■ * obimbensis, -8o»,- ^n„nu, 



631 \multicoUuta , 589* ; Xcntncyeri, 
588 et seq. # ; stixatnca, 620; 
spiralis , 638, 639*; sp/endida, 

628*, 629; siriafula , 572* 
Surirelloideae, 573, 587, 588. 622, (>41 
Sycantina, 96 

Symbiosis, 125, 186, 498, O58 
Syncoenobia, 166, 176 
Syncrypta , 524, 526, 555; I Wiut, 
5 25*, 526 

Syttedra, 570, 593, 603, 607, 622, 
631, 640; afi'tni*, (>2 1*, <>22; 

hvafnta, 599; bplcndrns, 605*; 
thalasu)thnx, <>07; tthm 9 509*, 
Ooo*, 6! 2, (»i 7 

Svm/rfi, 26, 38, 511. 524. 5-8 et seq., 
534 * 555 : Adonnii, 5 **5 *. 52*; 
mclta, 511*, 525*, 526, 535• 
Synuracene, 524, >55 
Syrarusp/iacra ntediterrane a, 519**; 
sab falsa, 518* 


Tnbrlloria, 573, 601, 606 •, t'07, 640; 
jenestruta, 60s* 617, Jlocculout, 

. .574* 

1 abcllariaccac, 596. 620, 622, 641 
Tannins in Algae, 63, 318. 

I'd lamia , 266, 271, 273, 291, 
torta, 272* 

Tcmnogamrtnnt , 331. 336. 337, 392; 

. /Vt terosparnm, 330* 

Trni?u>nyra, 333. 335, 3<».-. 

I'erruinnl fissure (of Diunun&>, so | 
Terfxiru.e. 575, 640. 641 \ntuucn, - • 

Terrcsjual Alqae. 5, 7, r,. Uo] 'hi, 
12S, 2 20 , .I'M). 2^7, 313, 51*1; fee 
also Soil-Algae 

Tetrabfcphans, 90, 137 ; nn/Uiliiit, 82* 

TetrnddUt, 154. 1 

Tetracoccus, 


Tqtradesmis. 176. 179; 1 nnibnc-a. 


* 75 * 


rffradittintii; 708, 71s; »i/oo,y, jo-- 
Tttractlndlu , 481. 484, 503; </<••'* 
485® 

Tctmrdron, 1^ 150, 166, 17S, 179, 
185 ; cntuLitnm, 1 32* : rorrtdttni, 
i 5 - # i nnntm{tw, 152^ 
Tetcago/uJtttta, 20, 661. 662; tv/- 
rucatutn, 660• 

TetraiiomAla . 4S4. 486. 503; v»V'«. 
... 

l etiakontan, 32 

Tctrap/npurrlla, 3«»<>; Itrmcsi, 400* 

1 tirosf,or„, i6 ( 26. 43, 45> 65*. 7J , 
112, 120, 137, 1 yin,,b ice, i2t*; 
t-elatnuna, 122; facustns, 127; 
hmmtica, 122, 123*; lubnc, 
^22. 123*. .20 

X etrasporaccar, 121, 1:2-5, » ;7. 

* 1 7 , 346 
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Telrasporangia (of Florideae), n* 
Tetraspores, 9, p, 52 
Tetrasporidium, 125. 129, 137 
Tetrasporineae, 73, 94, 121-9, 136, 

^ * 37 * 185 

Thalassiosira , 603, 607, 608, 633, 
640 \ gravida, 598, 605*, 607 
Thallochrysidaceae, 556 
Thailoc h rysis, 554, 556; Pascheri , 
553 * 

Thallus, 18 

Thamniochaete , 262, 264, 291; tfci/- 
leata , 262; Hubert , 263* 
Thaumatornastix , 721 et seq.; se/i- 
/era, 722* 

Thaurilens , 70S 

Theeadinium , 665, 679, 714; ebrioluni, 
679* 

Thccatales, 673, 674, 714 
Thoracotnonas, 137 
Thorosphacra, 519, 555 
Thyrsopore!la, 399, 430 
Toly pel la, 451, 455, 460, 466; 

glomerala, 462* 

Trachelomonas, 26, 35, 724 ct scq., 
730 et seq., 740, 741; acuminata, 
733*; hispida, 733*; inconstant , 

, 733* ; reticulata, 735 
Transapical axis and plane (of 
Diatoms), 569 

Transversal plane (of Diatoms), 569 
Transverse furrow (of Dinoflagcl- 
lala), 675 

Trcbouxta, 147, 148, 179, 183, 184, 
220, 289, 290; humicola, 148*; 
Parmeliae , 148* 

Trent epohlia, 39, 43*, 63, 65*, 68, 
249, 266, 273-8*, 280, 291, 300, 
309; annulata , 277*; aurea , 274, 
275*; Bleischii , 277*; depressa , 
274; ejjusa , 274; in/ithus , 275 et 
sec].* ; ntonile, 278 \Montis-Tabulae , 
275*; spongophila , 267; umbrina, 
273 et scq.* 

Trcntepohliaccae, 72, 244, 248, 249, 
266-81, 290, 291 
Trentepohlieae, 273-81, 290, 291 
Trentonia , 721 \ flagcllata , 722* 
Tribonema , 18, 26, 208, 471, 491-3, 
502, 503, 643; bombycinum , 49 °*'. 
minus, 491 * ; pyrenigerum , 491 *, 
492 ; vulgare, 49°* 

Triboncmaccac, 493 * 5°3 
Triceratium , 484, 569, 578, 640; 
antediluvianum , 594 *. 6*8*, 619; 
distinction, 581 *\favus, 578, 581*; 
plano-concavum, 578, 581* 

Trichloris , 85, 87, 137 ; paradoxa , 86* 
Trichocysts, 51 5 * 655. 68 S* 72 1, 723 
Trichodiscus , 260, 264, 291; elegans, 
261 * 
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Trichogyne, 47, 283 
Trtchophi/us, 258, 260, 264, 291* 
Welckeri, 260 

Trichothallic growth, io # , 20 
Triploporella , 399, 439; /femm, 4 oo* 
7 roc hi set a, 149, 150. 159, 179; 

aspera , 150* ; reticularis , 150* ; 

Zachariasi , 189 

• Trypanosoma , 31, 750, 755; c/c/wo- 
wac, 751 * 

Trypanosomaceae, 750, 755 
Turbellarians and Algae, 186 
Tussetia , 90, 137; po/ytomotdes , 8o* 

Udotea , 68, 404-6, 413, 439; 
fontainii , 404-6*; javensis , 406; 
minima , 403*, 404 
Ulochloris , 87, 137; oscillans , 86* 
Ulothrix , 8, 19, 26, 4 o, 63, 71, 72, 
1991-^205*, 212, 216, 217, 224 ct 
seq., 229, 251» 255, 257; flacca, 
199; idiospora , 43*. 200*; implexa , 
199; osciI Zarina, 43*, 200*; rorida , 
200*, 204; tenerrima, 43*; varia- 
bilis , 200*, 203 ; zonata, 43*, 65*, 
199 et seq.*, 225 

Ulotrichaceae, 199-208, 211, 225, 
226, 249, 257, 263 
Ulotrichalcs, 74, 198-229, 242, 243, 
248, 249 

Ulotrichineae, 74, 199-217, 226 

19, 32 et seq., 50, 63, 68, 212 
et seq., 226; Lactuca, 212 ct seq.* 
Ulvaceae, 19, 23, 27, 5 ~, 6o * 73 * 201, 
212-17, 220, 226 

Ulvella, 258, 260, 262, 264, 291 ; 
liees/eyt , 261*; fucicola, 262; 

involvens, 262; /r//s, 262 
Undulating membranes, 87, 750 
Uniaxial construction, 21, 23, 27 
Unilocular sporangia (ot Thaco- 
phyceae),‘9, 43 * 

Urtio and Algae, 186 

Urccolus , N 738, 741; cyclostomus , 

737 * 

Uroglena, 524. 5 * 7 . 529 , 555 *, 

Volvox, 5U*. 528* 

Urog/enopsis , 527, 555 
Uronema, 201, 205. 226; conform - 
co/nw, 201, 202*; elongatum, 202 
Urophagus, 753 * 755 ; rostralus, 75 * 
Urospora, 154, 231, 232, 235, 241; 
elongata, 231*; ntirabuis, 231 , 
232, 240*; penicil/ifortnis, 240* 
Usneaceac, 183 
C/tw, 101 

Vacuolar system, 35 ~ 7 ; in Chtoro- 
phyceae. 6a, 63; m Chryso- 

phyceae, 5*4 et scq.; in Desnuds, 
345 ; in Euglenineac, 7 2 9 
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l aruolana, 721, 723; virescens , 721, 
. 722 * 

Yacuolatae, 179 
Vacuomcs, 37 

Valunia, 71, 243. 385. 413-I5», 417, 
424. 439; Aegagropila , 415; ufri- 
cu/arts, 414*. 4«5. 424. ventricosa, 
4 * 4 *. 415; verticil lata, 417 
Valoniaceac, 243, 369, 374, 413-24. 
. 425, 439 

Valvar plane (of Diatoms), 566 
Valve (of Diatoms), 566 ct seq., 630 
Valve-jacket (of Diatoms), 566 
l 'anheurckia, 5S4 

Vaucheria, 15, 21. 26. 40, 61 et seq., 
72. 369 374, 387, 428 et seq ; 

arrhyficha , 42K; a versa, 434 

connate, 436; Deburyana, 429,’ 
437 *; duholoma, 435 ct seq.»; 
gemmata, 432 ct seq.«; lusmata, 
42N. 433 > 434 *. 43 **; megaspora, 
432 ; orruthocephala , 431, par/iy. 
derma, 434*; piloboluidcs, 428 et 
SC M *. 437 ; repens. 43c*; sessilis, 
49 . 71", 428, 433 et seq.• • 

synandra, 434*. Thuretii, 428 
437 . uncmata, 430*. 432 
Vaucheriaceae, 73. 369, 387. 428-39 
I auchanopsis, 428. 429, 436 et seq.; 

arrhyncha , 437® 

Vegetative division, 17, 19S 
\cgetatiye reproduction, 38, 39; i r » 
Charales, 463-5; m Chlorophv- 
ceae, 72; in t’lotrichales, 199, 207- 
in Zygnemoideac, 320-2 
I ermiporclla , 398, 4*9 

Yolutm. 37, 38, 8,, 86V 90; in 
diatoms, 599 

Volvocales, 32 ct seq., 46. 60 el seq., 

6 *l 71 ' 77 -* 44 . 179. 1S0. 1S3, 

« 9 S. 220. 5,2, 532. 655. 657. 685) 

1 5 , 34, ,02 5*. ,06 ct seq.. 

**S ct SCM-. 137; ajricanus, 104 
aureus, 70•, Io2 ct secJ . ; • ** 

lo \> globator, 102 et seq*. 

116 ■ mononae, 10 3 C t seq«- 

"'JT' 68 S . MO. 7.4; 

Warnowiaceae. 68 S et seq.. 7 , 4 
Water-flowers, 476, 607 
VN atcr-net, 171 

m’A™' ,6s * 

244- *43 5 . paradnxa, 243, 

Witt rock iellaceae, 24 j 
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H'vrjot3iW«j, 517, 520> 555, 661; 

bid I it it a, 513* 

Xanthuliurn, 341 et seq., 355, 300, 
362; antilopaeum, 351", 3 56*; 

armatum, 341*; Brehissonii, 343*; 
cortfrot rrsuin , 339* 

Xanthophyceac, 5. n, t 3 , 2 6, 32. 
43 . 5 '. t>o. 128, 163, 262, 438, 
470-506. 507. 50S. 54S. 552, 555 . 
504. 642. 643, 723 
Xanthophyll, 5, 8, 68, 471 

Yellow cells of animals. 658, 659 

Zitnardinuj, 52 
Zoochiorellu , IS6 -9. 7 ^ ^ 

Zoocysiis. 1 SS 

Zoospores, 39. 51, 72; conditions of 
formation. 40; development, 39 
Zoospores, of Chaetophoraceac. 23s 
of Uadophorales. 239. 2 4 i ; ‘of 
C aleochaete, 283; of Hydrodicty- 
accac, 171. i 7 >; of M lC rosp.,ru, 

0 • Ocdopomales, »oi , of 
/ rentep.ddia, 276.0f Ulotrichaccac, 
205 ot l au< heria, 431, ol Xan- 
tnopnyccac, 4^2 
Zoospot mae, 147, 166 
Zonxanthelia. 558. 658", 659, 704 
/.ygnema, 316 ct seq.. 324 ct seq , 
33 . vt seq., 362; circumc,irinntum 
.328 329 ; Jtrttle, 334* , pent:,a- 

b f 3 ** m i prfiosporum, 
3 1 / . , 329; rcttculatuni . ?j. 

spontaneum. 335; stel/inum V'- 
v 32 f>*. 334 * 3 '• 

Zyenemaceae, 02. 33? , , 6 ,. _ 

conjugation, 323-9 
Zvgnemo.dcac, 3,0 <t seq., 316 , 7 

351.359.361.362 

Zygorumum, 3 «S 33 *. 335. .3 57. 362; 

cruet,-rum, 316 ct seq.*. ,,, 

„ « 336 * 3 * 331 

/.yeosporc, 4 y 
Zvpotc. 4.; 

Zypotc, germination of, 49* so 4, 
m rice tabuIt;ri,i , 395 ; ln tharaies,’ 

fit, 1,. - .W“ n »yJ°nw»n.»dineae, 

116 tq, , n Cladophorales, 211 i n 

L V°-' in ( '»feuc/u,ele. 284 - 

D.ato^ o Ca,r - 3 53; im I'ennaul 
Diatoms, t, 3 o; in Hvdrcdu t\ - 

‘ .a 'Hi M«o«*»enio,deae. 
314 . in Ochrosphuera, 52, 

(cdo K on tales, 307; Sphuer,,- 

,n .-•«>; m 

• y ,r#A » J °4 i >n I uuchrrui % 1 
•n Zypuemotdc.ic, 333 cl Sc * 4 * 
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